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,r HIS introduction is written with the 
aim of bridging some of the gaps which 
of necessity occur in a symposium 
prepared by several independent inves- 

tigators, who are obliged to confine their 

remarks to particular and limited fields. 

A cursory survey of the entire subject may, 

therefore, serve a useful purpose. 

When the study of the glands of internal 
secretion was in its infancy, only arresting 
and striking facts, such as the amenorrhoea 
and ablation symptoms following castration, 
or gross abnormalities which could not be 
overlooked, such as premature sexual ripen- 
ing, attracted the attention of the gyne- 
cologist and obstetrician. Today, on the 
contrary, many minor changes in the ap- 
pearance, behavior or physique of the patient 
are ascribed to the endocrine organs. If 
anything, this tendency at once to apply 
clinically the knowledge obtained by degrees 
at the bedside, the postmortem table, and 
in the laboratory, threatens to mislead and 
to bring discredit upon an important branch 
of medical science. 

In every department of knowledge it is 
expedient, at intervals, to stop, examine and 
meditate, to “take stock,’ so to speak, of 


closed, open, and future prospects. Let this 
be such an occasion. 

Femaleness is an attribute of woman, 
possessed in varying degree by individual 
members of the sex, primarily designed to 
foster the continuation of the race. Just as 
determination of sex is decided in the ovum, 
perhaps even before fertilization takes place, 
so the future fertility or sterility of the indi- 
vidual is often determined during infancy or 
before puberty.” 

In order to comprehend the problems which 
confront us, it is necessary to trace the 
influence of the glands of internal secretion 
from the time of conception and follow it 
through senescence. A thorough study of 
this sequence is still frustrated by the incom- 
pleteness of our knowledge. 


INFLUENCE OF THE GLANDS OF INTERNAL 
SECRETION: NORMAL EFFECTS 

In utero. That the maternal sex glands or 
gonads are not indispensable to the foetus 
after the fertilized ovum is firmly fixed in the 

2 The degree of femaleness, of feminine attributes, can be influenced, 
har experimental methods. Steinach has made male guinea pigs feminine 
in psyche, breast development, etc., by implanting ovarian tissue; 
Riddle has made doves either overfeminine or overmasculine in their 
behavior and characteristics by injecting homologous ovarian or testicu- 


lar material. The possible bearing of these experiments on the subject 
of homo- and heterosexuality is self-evident. 


1Presented before the American Gynecolozical Society, Pittsburgh, May 31, June 1 and 2, 1917. 
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uterus, has been repeatedly proved by the 
birth of perfect children, born of mothers 
castrated early in pregnancy (Essen-Moeller, 
Orgler, etc.). That the influence of some of 
the maternal glands is not entirely negligible, 
is shown by abnormalities sometimes noted in 
children born of mothers with diabetes, 
hyperthyroidism, and tetany. This apparent 
variability may perhaps be accounted for by 
the fact that at least some of the glands of 
internal secretion probably begin to function- 
ate early in foetal life. Among those investi- 
gated are the pancreas (Carlson), adrenal 
(Hoskins, Fenger), and thyroid (Halsted). 
The possibility of determining the influence 
of the gonad of the embryo has now been 
brought within measurable reach of experi- 
mental proof by Swift’s observation that the 
germ cells of the chick, at an early stage, lie 
upon the yolk sac separated from the embryo, 
and may be removed without necessarily 
killing the embryo (Swift, Reagan). Our 
knowledge of this subject is as yet quite 
incomplete. 

Postpartum. Immediately after birth the 
sex organs and breasts of both male and female 
children are larger and may show a degree of 
stimulation (uterine bleeding, colostrum), 
which disappears within two to three weeks 
postpartum. This hyperplasia has been 
ascribed by Halban to stimulating substances 
derived from the maternal placenta. 

Infancy and prepuberty. During infancy 
graafian follicles develop to a certain degree 
and then regress. The ovaries must exert 
some influence during this period, because 
early castration in animals produces ‘‘eunuch- 
oid” types, characterized by undeveloped 
sex organs and changes in the height, bony 
skeleton, and in the glands of internal secre- 
tion. The opposite extreme is noted in those 
rare instances, in which premature sexual 
development occurs without gross lesions 
(Lenz). What influence is played by the 
so-called ‘“‘puberty glands” (thymus and 
pineal) in favoring or inhibiting sexual 
maturity is uncertain. 

The developmental period is of. critical 
importance to the individual, because anom- 
alies directly ascribable to the stage of 
pubescence are noted with great frequency in 
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the mature individual. These variations 
from the normal may manifest themselves in 
apparently disconnected phenomena, such as 
external appearance (height, facies, hair 
growth), in the internal economy (pelvic 
bones, genitals), in the degree of resistance to 
infection or disease, and in the soul life and 
intelligence. The exact mechanism by which 
normal development and variations from the 
normal are produced is far from clear. Much 
of the obscurity is due to the almost inex- 
tricable interaction of the various glands 
which so far, in the main, defies analysis. 

Sexual maturity. In the human female the 
onset of maturity, which is a gradual process, 
usually evidences itself by a series of related 
phenomena. Popularly the best known is 
the appearance of menstruation. This coin- 
cides with the full development of a graafian 
follicle, and is followed by rupture of the fol- 
licle and consequent corpus luteum formation, 
a gland, which, among other functions, 
regulates the periodicity of menstruation 
(L. Loeb). From then on, during complete 
health, unless disturbed by pregnancy, cyclical 
changes occur in the ovary and uterus, and, 
at least in certain individuals, in the breast, 
until the onset of sexual senescence. Some 
evidence obtains that other glands of internal 
secretion, in addition to the ovary, partici- 
pate in the cyclical changes to a varying 
degree. Among them are the adrenal and 
the thyroid. 

The onset of maturity is also marked by 
the completion of development of the second- 
ary sexual characters, some primarily de- 
signed as sex allures, others having direct 
bearing upon the procreative function. 
Among the female secondary sexual charac- 
ters of the first class are fineness and distri- 
bution of the hair, development and distri- 
bution of subcutaneous fat, gracile larynx 
with high pitched voice and feminine psyche; 
among those of the second class, of chief 
importance, is the development of the pelvis 
with large cavity and broad outlet. 

The coincident involution of the thymus 
and pineal gland, and the enlargement of 
the thyroid are not fully understood. 

Pregnancy not only produces local changes 
in the sex organs (cessation of the cycle with 
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persistence of the corpus luteum, growth of 
the uterus, formation of the placenta, hyper- 
plasia of the breasts), but, likewise, exerts 
a profound influence upon the entire organism. 
Of the glands of internal secretion, the hypoph- 
ysis undergoes the most manifest altera- 
tion (Erdheim and Stumme). Variations in 
function of the adrenal, thyroid, parathyroid, 
and pancreas are not uncommon. Elabora- 
tion of this phase of the subject is not in- 
dicated in this connection. 

Sexual senescence (menopause). This period 
apparently coincides with the permanent 
cessation of follicle ripening. The ovaries no 
longer functionate and consequently atrophy 
of the internal and external genitals and of 
the breasts supervenes. There may be 
changes in the alterable secondary sexual 
characteristics—fat and hair distribution, 
psyche. Alterations in the other glands of 
internal secretion probably occur, but are 
not well understood. 

This cursory résumé attempts to give in 
broad outline the main phases which occur 
from the onset of foetal development to old 
age in the life history of the normal female. 
Keeping in mind this standard, we will be 
in a better position to recognize variations 
from the normal. 


INFLUENCE OF THE GLANDS OF INTERNAL SE- 
CRETION: VARIATIONS FROM THE NORMAL 
Before ascribing symptoms arising in the 

generative tract to disturbances of the in- 

ternal secretions, it is necessary to rule out 
other possible etiological factors. Only after 
such local or general causes have been ex- 
cluded, should the glands of internal secre- 
tion be considered. It is impossible to state 
whether other glands of internal secretion 
besides the ovaries can exert a direct influence 
upon the genital tract. This much, however, 
is clear, that no matter what the origin of 
the stimulation or depression may be, the 
symptoms produced are identical with symp- 
toms arising from primary stimulation or 
depression of ovarian function. The func- 
tional manifestation, whether of hyperfunc- 
tional or hypofunctional nature are often but 
not invariably dependent upon anatomical 
changes in the uterus, vagina, and external 
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genitals. No. characteristic anatomical 
changes have as yet been detected in the 
ovaries. The anatomical changes, and, con- 
sequently, the functional disturbances also, 
may be transitory or permanent. 


HYPOFUNCTION 

Hypofunction may be primary or second- 
ary. The foundation for primary hypofunc- 
tion is often laid in the prepuberty period. 
Therefore, (a) unalterable developmental stig- 
mata may be noted—bone changes (long 
extremities, short trunk, flat sacrum, narrow 
pelvic outlet), as well as changes in (b) 
alterable secondary sex characters—hair and 
fat distribution (of eunuchoid or male type). 
(c) Nervous symptoms are frequent, either 
general hyperexcitability or stolidity, and 
instability of the vasomotor system marked 
by sweats, flushes, and dizziness. (d) Per- 
manent local stigmata may be summarized 
under the head of hypoplastic infantilistic 
genitals; while the type of transient hypo- 
plasia is illustrated by ‘‘lactation atrophy.” 
Symptomatically hypofunction is exempli- 
fied by sterility, amenorrhoea, scant, irregular 
and painful menstruation. 

Secondary hypofunction occurs most com- 
monly in consequence of thyroid (exophthal- 
mic goiter, myxcedema), hypophyseal (acrome- 
galy, dystrophia adiposogenitalis), adrenal 
medullary (Addison’s) disease, etc. Often 
after a transitory period of hyperfunction, 
uterine atrophy sets in (amenorrhoea, steri- 
lity). 

HYPERFUNCTION 

Primary hy perfunction, with few exceptions, 
is a disease limited to the period of sexual 
maturity. At the beginning (puberty) and 
end (preclimacteric) of this period hyperfunc- 
tional manifestations may be severe. The 
cardinal symptoms are menorrhagia and 
metrorrhagia. The uterine mucosa is often 
hyperplastic, and in many cases the uterine 
musculature is thickened (metritic type). 
Some evidence obtains that uterine fibro- 
myomata are the result of functional hyper- 
plasia. 

Secondary hyperfunction is most often noted 
as a transitory phenomenon at the onset of 
some diseases of other glands of internal 
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secretion (exophthalmic goiter, etc.). It may 
also result from local stimulation of the 
ovaries due to inflammation or tumors. 


DIAGNOSIS 

Routine diagnostic methods as practiced 
at the present day in the office, dispensary, 
and wards of the hospital will not advance 
our knowledge of the course of those diseases 
of the glands of internal secretion which 
produce gynecological and obstetrical symp- 
toms. Not until thorough and complete 
studies, conducted by groups of workers, are 
begun and persevered with, may we hope 
for concrete gain. The clinical material 
floods our institutions, hidden under the guise 
of sterility, dysmenorrhoea, ‘‘neurasthenia,”’ 
“‘retroflexion,’ menorrhagia, metrorrhagia, 
etc., unclassified, unstudied, unrelieved. 
Pathologist, pharmacologist and_ biological 
chemist must be enlisted in this work to 
co-operate with the clinician. Then, and 
then only, may tangible results be expected. 
No advance in diagnosis can be recorded 
since the writer presented the subject before 
the members of the Society in May, 1914. 


ORGANOTHERAPY 

Little, if any, advance in this branch of 
medicine is to be recorded in the last years. 

Kendall has announced the discovery in 
crystalline form of the active principle of the 
thyroid gland. The method of preparation 
of this product has not yet been published 
in detail, nor have the reports on its physio- 
logical activity been conclusive. Therefore, 
this discovery, which, if confirmed, will prove 
of the utmost importance, is still swb judice. 

The usual number of reports on the use and 
efiects of corpus luteum extracts have 
appeared in the literature. All those com- 
mercial extracts (and these are the extracts 
which were employed in the clinical articles 
reported), which the writer has examined, 
have proved inactive biologically, using the 
growth effect exerted on the rabbit uterus 
as a test. No further reports on the general 
pharmacological activity of corpus luteum 
are on hand. 

The sole organotherapeutic preparation 
which can be relied upon is thyroid extract. 


Its use in gynecology and obstetrics, except 
in cases of gross deficiency of the thyroid 
secretion, is still largely empirical. 

Both pituitrin and adrenalin are hormones 
which exert purely local drug effects,! and do 
not replace the functional activities of the 
glands from which they are derived. There- 
fore, their exhibition is very limited. The 
extracts of anterior lobe pituitary, pineal, 
thymus and adrenal cortex (desiccated 
adrenal) now obtainable and in the dosage 
now employed show no, or only unconvincing, 
effects. 

If the hormone theory as accepted at 
present and in proof of which so much cor- 
related data haye been accumulated in both 
the clinic and in the experimental laboratory, 
eventually is to find practical application and 
usefulness in therapeutics, the “vital” prin- 
ciples of some of the glands of internal secre- 
tion must first be isolated, and the proper 
dosage and method of prescribing them must 
be discovered. Among these vital or essen- 
tial glands should be classed the anterior lobe 
of the pituitary, the parathyroids, the adrenal 
cortex, and pancreas. Neither the thyroid, 
thymus, pineal, ovary, nor testis are essential 
to the continuance of life, although their 
secretions play a réle of variable importance 
in the organism, a réle not necessarily at once 
apparent after their ablation or atrophy. 

According to our concepts of physiology, 
specific cells produce only specific secretory 
products, so that while we may conceive that 
the cells of the gastric glands produce greater 
or lesser amounts of hydrochloric acid, we 
cannot conceive of their secreting lactic acid, 
for example. Analogously, we may accept 
that the specific cells of a given gland of 
internal secretion can elaborate one or more 
specific products, that this secretion may 
vary in amount or concentration, but not 
that it may vary in character. If anything 
more than this variation in amount, concen- 
tration or rate of discharge into the blood 
stream, and such variations should be capable 


1The apparently complex action of adrenalin, which inhibits the 
motion of the small intestine, stimulates the contraction of the uterine 
muscle, dilates the bronchi, etc., is explained by the fact that the drug 
acts as a stimulant of the myoneural junctions of the sympathetic 
system and, therefore, produces the effect of general stimulation of 
sympathetic fibers. As these fibers act partly as inhibitors, partly as 
excitors of different viscera, most diverse effects may be expected and 
actually occur. 
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of producing the most diverse phenomena, 
is implied by ‘‘dysfanction,” this term lacks 
all theoretical or experimental basis and 
should be dropped from medical terminology. 

By discarding “dysfunction,” the problem 
is much simplified. A hormone may then be 
regarded as the specific product of a secretory 
cell, and a given type of cell can then be 
expected to produce only one (or more) 
secretion. Such specific secretory products 
as we understand most clearly, produce 
distinct drug actions, which may be simple and 
rapid as that of adrenalin, which stimulates 


the sympathetic nervous system, or more 
slow and less immediately apparent in its 
effects as thyroid substance, which increases 
the rate of metabolic activity. In any case, a 
potent hormone derivative should have a 
pharmacological activity, which lends itself 
to standardization, and which can be demon- 
strated by biological tests. Until this entire 
concept is grasped and applied, our efforts 
at organotherapy will remain in their present 
state of crude empiricism in exact parallelism 
with the crudity of diagnosis in disease of the 
glands of internal secretion. 


THE RELATION OF THE PITUITARY GLAND TO THE FEMALE 
GENERATIVE ORGANS 


FROM THE EXPERIMENTAL AND CLINICAL ASPECTS 


By EMIL GOETSCH, M.D., BALttrmorE, MARYLAND 


N view of the great interest which is being 
manifested more and. more and because 
of the interesting and almost startling 
revelations which are accumulating in 

the field of endocrinology, it is desirable that 
investigators and clinicians should at all 
times be able to distinguish between facts 
and theories in regard to the interrelationship 
of the ductless glands. There is great danger 
in discussions of the physiology and pathology 
of these organs to engage in fruitless theoriza- 
tion and suggestions unless there is a firm 
basis of well-controlled experimental and 
clinical observations to stand upon. On the 
other hand, one should preserve a mind open 
to suggestions and “leads” which are con- 
stantly being met with in studies on the 
ductless glands, and should not approach the 
subject in too critical a manner, simply 
because our knowledge of endocrinology at 
the present time is still very limited. 
Many facts have been discovered which 
have aided us materially in understanding the 
involved syndromes met with in clinical cases 
exhibiting evident ductless gland disturb- 
ances. Particularly from the laboratory have 
come many enlightening discoveries and 
suggestions which have cleared away the 


confusion surrounding the diagnosis and 
treatment of those unfortunate individuals 
who show the consequences of disturbances 
in their endocrine glands, and who are ap- 
pearing for treatment in constantly increasing 
numbers. 


I. GROSS AND HISTOLOGICAL STRUCTURE OF 
THE PITUITARY GLAND 

Gross. We have become more and more 
intimately acquainted in recent years with 
clinical evidences of disturbed function of the 
hypophysis. This gland, also called the 
pituitary body, is thoroughly protected by 
nature in being centrally located at the base 
of the skull and surrounded by a bony en- 
casement called the sella turcica. It consists 
of the anterior or glandular part, which is 
considerably larger than the posterior or 
nervous part, and gives the gland its charac- 
teristic pinkish-grey appearance in the fresh 
condition. The anterior epithelial part is 
further divided into the large “‘pars anterior” 
proper, which constitutes about three-fourths 
of the gland and presents a pinkish-grey 
appearance, and the posterior narrower zone 
of whitish appearance, called also ‘pars 
intermedia.” The latter constitutes the 
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epithelial lining or encasement of the posterior 
lobe, and extends upward along the infundi- 
bulum frequently even to the floor of the 
third ventricle. Between these two divisions 
of the epithelial or glandular portion lies the 
cleft, the embryonic remains of the original 
cavity of Rathke’s pouch. 

Histological. There are two fundamentally 
different types of cells in the anterior lobe 
depending upon their affinity for stains, the 
chromophilic which stain intensely with 
either the acid or basic stains and contain 
secretion granules, whereas the chromophobe 
have no special affinity for either basic or 
acid dyes and are non-granular. The pars 
intermedia which invests the posterior lobe 
is composed of several layers of undifferen- 
tiated cells without blood-vessels or connect- 
ive-tissue stroma. These cells elaborate a 
kind of colloid secretion which is thought by 
some to find its way through the meshes of 
the posterior lobe into the third ventricle of 
the brain. It is probably this colloid material 
which carries the active principle of these 
cells, often called ‘“‘pituitrin.”” The cells of 
the anterior lobe without doubt discharge 
their secretion directly into the large blood 
and lymph sinuses which are so numerous 
here and with which the cells are in such 
intimate contact. : 

Correlation between alterations in structure 
and function. Disturbances in pituitary func- 
tion are associated with changes in these 
anatomical constituents of the normal hy- 
pophysis. Thus hyperfunction is associated 
with focal or general hyperplasias of the 
chromophil cells, while hypofunction is asso- 
ciated with certain degenerations, with atro- 
phy and with tumor formation either of the 
hypophysis itself or as a result of pressure 
from tumors arising from a_ neighboring 
structure. Such pathological involvement is 
followed by symptoms of deficient glandular 
secretion as elsewhere in glandular organs. 


II. INTERRELATIONSHIP IN FUNCTION BE- 
TWEEN THE PITUITARY GLAND AND THE 
FEMALE GENERATIVE ORGANS 

It is my purpose to discuss in this paper our 
knowledge concerning the interrelationship 
between the pituitary gland and the female 
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generative organs. Perhaps between no two 
of the ductless gland series is a clearer asso- 
ciation in function demonstrable, a fact 
supported by many experimental and clinical 
observations. In this paper I shall discuss 
first, the former and then as a corollary to 
this shall consider second, the clinical data 
bearing upon this subject. It seems desir- 
able furthermore to consider principally those 
facts which have been well controlled exper- 
imentally and clinically, and to mention only 
incidentally theoretical observations and sug- 
gestions 


A. EXPERIMENTAL EVIDENCE 


1. Pituitary deficiency. On account of its 
difficulty of attack in an experimental way 
the pituitary gland was the last of the ductless 
gland series to receive serious attention at 
the hands of laboratory investigators. Prac- 
tically all of our knowledge concerning this 
small gland has been gained during the last 
ten years. The first series of experiments 
which showed that pituitary and sex func- 
tions were closely interrelated, was that 
reported by Crowe, Cushing and Homans (1), 
who noted among many other changes that 
partial removal of the pituitary anterior lobe 
in dogs was followed by secondary hypoplasia 
of the organs of generation in adults, or by a 
persistence of sexual infantilism in case the 
operation was carried out on puppy dogs. 
There was a tendency to the disposition of 
fat much as seen in states of adiposity and of 
sexual infantilism in man. These changes 
following upon an artificially created deti- 
ciency of anterior lobe secretion are charac- 
teristic of both males and females. 


It may here be interesting to mention some further 
striking results obtained by Aschner (2) who in 
1912 published his findings after total and partial 
hypophysectomy in dogs. In adult animals there 
was observed a slight hypoplastic change in the 
sex glands and a definitely diminished sexual 
activity. In young animals the partial removal 
of the pituitary led to very marked and character- 
istic changes. There was an entire failure of 
development of the sex apparatus and of sexual 
activity in both males and females. The sex glands 
remained infantile in character. There was im- 
potence and absence of spermatogenesis in the males 
and failure of ovulation and sexual instincts in the 
female. Furthermore hypophysectomy during preg- 











GOETSCH: PITUITARY GLAND AND GENERATIVE ORGANS 231 


nancy caused abortion. There was alsg marked 
retardation in corporeal growth and diminished 
general activity of the animals thus operated upon. 
Other characteristics noted were a certain psychic 
depression, subnormal temperature, persistent puppy 
type of hair, a thick inelastic skin, persistence 
of the milk teeth, failure of closure of the epiphyses 
and a delicate and underdeveloped condition of the 
skeleton. Certain rather constant changes were 
also seen in the parenchymatous organs such as 
increased size of the colloid alveoli in the thyroid, 
an abnormally persistent thymus, fatty infiltration 
into the liver and increased thickness of the adrenal 
cortex. Aschner regards the anterior lobe as mainly 
responsible for these changes. The writer has been 
able to confirm these findings in numerous instances. 


The occurrence of adiposity along with the 
sexual infantilism is probably a result of 
deficiency of posterior lobe secretion. In a 
report by Goetsch, Cushing, and Jacobson (3), 
upon experiments conducted to determine the 
relationship of the hypophysis and especially 
of its posterior lobe and infundibulum to 
glycosuria, polyuria, and carbohydrate metab- 
olism, they show that under various forms of 
operative manipulations of the infundibulum, 
hypophyseal stalk, and often of the posterior 
lobe itself a transient hyperglycemia is 
produced with an associated diminution in the 
assimilation limit for ingested carbohydrates. 
In many instances a transient spontaneous 
glycosuria was produced. 

If the operation had been so conducted as 
to create a subsequent and permanent in- 
sufficiency of posterior lobe secretion the 
temporary lowering of the assimilation limit 
is succeeded by an abnormal and enduring 
augmentation in the tolerance for sugars. 

The assimilation limit for carbohydrates, 
greatly increased under these circumstances, 
can be promptly lowered by the coincident 
intravenuos or subcutaneous injection of 
posterior lobe extract. This extract, further- 
more, has a pronounced effect in lowering 
the sugar tolerance of the normal animal, in 
whom it may even cause glycosuria when 
given in sufficient dosage. 

2. Effects produced by pituitary extracts. 
In the foregoing we have _ considered 
the evidence obtained from experimentally 
created pituitary deficiency for believing 
that pituitary and sex functions are closely 
interrelated. The next step in the investiga- 


tion is a natural one, namely, that of studying 
the results in animals, of the administration 
of fresh pituitary gland, dried extracts, fluid 
extracts or active principle in one way or 
another. For this purpose the hypophysis 
of various animals has been used, such as 
that of the ox, horse, cat, dog, sheep, and 
even man. The source of the gland extract 
seems to have little effect upon the results, so 
long as the particular extract used is an active 
one. ‘The results obtained by many investi- 
gators who have worked on these problems 
cannot be fully discussed here. The results 
of many of the earlier workers have subse- 
quently been shown to be wrong because of 
failure to distinguish between the extracts 
of the anterior and posterior lobes, whose 
properties we now know are distinct and 
different. Then again proper attention was 
not given to the question of dosage. We now 
know, for example, that a dose which was 
administered to a young animal over a con- 
siderable period of time and which was obvi- 
ously too large produced toxic effects and 
gave results precisely opposite to those 
obtained by other workers using small stim- 
ulating doses. Great difficulty was at first 
experienced in standardizing the strength 
of the extracts used, as a consequence of 
which investigators reported varying results 
following the use of extracts of varying 
strength. 

Extract of the posterior lobe. The physio- 
logical activity of extracts of the fresh pitui- 
tary was first investigated. Thus in 1895 
Oliver and Schaefer (4) reported the results of 
their researches which demonstrated in the 
mammalian pituitary body an active prin- 
ciple with a specific effect upon the heart and 
blood-vessels when injected intravenously. 
It was shown that this extract produced a 
general constriction of arterioles, leading to 
considerable elevation of blood pressure and 
an augmentation of the force of the heart 
beats. 

Howell (5) subsequently pointed out that 
the posterior lobe alone possesses this prop- 
erty. Dale (6) was the first to describe the 
direct stimulating action of pituitrin (the 
active principle derived from the posterior 
lobe) on the uterine musculature.  Blair- 
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Bell (7) in addition described its stimulating 
action upon the musculature of the bladder. 
Frankl-Hochwart and Froehlich (8) experi- 
mented further with hypophysin, a pure 
extract of the posterior lobe, and confirmed 
and elaborated the findings of Dale and 
Blair-Bell. The galactagogue action of pos- 
terior lobe secretion, as described by Ott and 
Scott (9) and as further investigated by 
Mackenzie may be mentioned in passing as 
bearing out the relationship of the pituitary 
body to milk secretion during and after 
pregnancy. Whether this action of posterior 
lobe principle is one specifically stimulating 
to the secreting mammary cells or whether it 
produces its effect by causing contraction of 
the smooth muscle fibers around the ducts 
of the gland, thus causing the expression of 
milk, remains an open question. 

3. Effect of feeding anterior lobe. Many 
attempts have been made to simulate con- 
ditions of hyperpituitarism by feeding with 
fresh gland or glandular extracts over long 
periods of time. The primary object of these 
experiments was to study the effect upon the 
growth of the animals. The results reported 
vary greatly and probably to a large extent 
for reasons mentioned above. Practically 
no observations had been reported on the 
effect of experimental overstimulation with 
pituitary extracts upon the development and 
activity of the sex glands until the author’s 
publication upon the subject in February, 
1916 (10). Behrenroth (11) is the only 
previous author, in so far as I have been able 
to discover, who makes any special mention 
of an accompanying effect upon another of 
the ductless glands, produced by either the 
feeding or by the injection of pituitary 
extracts. He carried out the hypodermic 
administration of pituitary extract mainly 
for the purpose of observing its action upon 
the kidney, blood pressure, and metabolism. 
He incidentally makes brief mention of the 
fact that in some of his animals early and 
extensive spermatogenesis was noticed. The 
results, however, were not constant and in 
female animals only slight changes were 
observed. 

In view of the definitely retarding influence 
upon the growth of the sex glands produced 
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by partial extirpation of the pituitary gland, 
it occurred to the writer that it might be 
possible to produce premature sexual devel- 
opment and maturity and overactivity of the 
sex glands in young animals by the prolonged 
daily feeding of small doses of pituitary 
extract (anterior lobe) to young animals. 
Accordingly feeding experiments were carried 
out in young rats to which daily doses of 
.05 grams of the dried powdered extract of 
the anterior pituitary lobe were given over 
varying lengths of time, beginning when the 
animals were weaned, which was usually 
at the age of 3'% weeks. The feeding of 
whole gland exerts its action by virtue of 
the anterior lobe extract which it contains, 
for it was found that the extract derived from 
the posterior lobe had no specific action upon 
the development of the sex glands. 

The conclusions cited in thestudy mentioned 
above (p. 49) may be briefly repeated here. 


In comparison with the development in control 
animals, the ovaries, tubes, and cornua of the uterus 
of animals fed with whole gland extract (in which 
the anterior lobe is the responsible factor) are larger, 
more vascular and cedematous in appearance, indi- 
cating increased development and activity. Even 
at the early age of 2 2-5 months, from one to two 
months before normal sexual maturity, the ovary 
is matured, and shows active ovulation and graafian 
follicle formation, relatively few primordial follicles, 
and some increase in the amount of interstitial 
tissue. This striking appearance in so young an 
animal gives the impression that an early ovarian 
maturity has been produced by the feeding of the 
pituitary extract. The fimbriated end of the tube 
is more branched and the lining columnar cells are 
more ciliated, an indication of greater activity. 
There is marked hyperplasia of the uterine mucosa, 
the lining cells of which are more uniformly ciliated 
and active, and there is abundant gland formation 
in the endometrium. The appearance presented 
by the latter strikingly resembles in microscopic 
appearance the hyperplastic endometrium of early 
pregnancy. There is generally increased vascularity 
produced in the whole sexual system. The over- 
development is apparent even in the muscle coat 
of the uterus, which is considerably thickened and 
is also more vascular. A somewhat similar change 
is produced by the feeding of corpus luteum to the 
female but not to the same degree as after anterior 
lobe administration. 


And again the feeding of pituitary anterior 
lobe extract to rats over prolonged periods 
was studied with the following results (p. 49). 

















GOETSCH: PITUITARY 


After prolonged feeding of anterior lobe extract, 
over a period of eight or nine months, the sexual 
instincts are early awakened, along with the early 
maturity of the sex glands. As a result of this, a 
pair of rats, after anterior lobe feeding over a 
number of months, bred earlier and oftener, the 
female of this pair having two pregnancies in seven 
months as compared with none in the female of the 
control pair. The effect of the anterior lobe feeding 
lasts throughout the adult life of the animals. The 
control rat never reaches the degree of development 
and activity shown by the animal receiving the 
anterior lobe extract. For even at the age of ten 
months, after 8% months of anterior lobe feeding, 
the latter still shows a greater, more active and 
mature sexual development than the control. 

The feeding of pituitary anterior lobe to parent 
rats exerts its stimulating influence upon the off- 
spring in intra-uterine life and during lactation, 
and, when the experiment is carried further and the 
feeding to the young is continued after weaning, 
it has an even greater stimulating effect upon 
growth, weight, and development, and causes earlier 
and more frequent breeding, and an increased 
number of offspring in the litters. The stimulating 
effect upon the sex gland is greater, the longer the 
influence of anterior lobe administration is exerted. 

The extract of pituitary posterior lobe, even after 
prolonged administration, does not stimulate growth 
in general, nor the development of the sex glands, 
as does anterior lobe even after a very short period. 
Thus, for example, there is a much less marked 
development of the sex glands after administration 
for 2% months. The posterior lobe element in the 
whole gland extract has an undoubted retarding 
influence upon the development of the sex glands, 
an effect very similar to that of ovarian extract 
upon the testes. This is shown by the relatively 
incomplete development of the testes, for example, 
after 8'% months of posterior lobe feeding. If given 
in too large doses, the extract causes in the rats 
loss of weight, a mild enteritis, and increased intes- 
tinal peristalsis. 


A striking illustration of the effect of 
pituitary feeding in the young female rat is 
afforded in Figs. 1 and 2. The pituitary fed 
animal matures prematurely and the ovary 
shows the presence of corpora lutea. The 
ovary of the control female is still imma- 
ture. 

In Figs. 3 and 4 the remarkable hyperplasia 
of the endometrium as a result of pituitary 
feeding is seen, a reaction so remarkable as 
to simulate the appearance of early pregnancy. 
A great increase in the number of uterine 
glands is also seen in the case of animals 
receiving gland feeding. The other changes 
are self-evident in the drawings. 


GLAND 


AND GENERATIVE ORGANS 233 
B. CLINICAL EVIDENCE 

Turning now from the experimental evi- 
dences of a close interrelationship in function 
between the pituitary body and the genital 
system to similar conditions in the human 
subject, bearing out this relationship, we find 
that these have attracted the attention of 
the clinician. It has been found convenient 
to apply to the clinical types of pituitary 
disease certain terms which express simul- 
taneously our conception of the activity of 
the gland in these states of disordered func- 
tion. In the case of the thyroid a definite 
symptomatology was established for condi- 
tions of overaction of the gland and called 
“hyperthyroidism,” with exophthalmic goiter 
as the well-known example; similarly for 
conditions of underactivity of the gland, 
called ‘‘hypothyroidism,” exemplified by 
myxoedema in the adult and cretinism in 
childhood. Just so analogous terms were 
chosen for states of over and underactivity 
of the hypophysis, namely, ‘hyperpitui- 
tarism’’ and “hypopituitarism.”’ Practical 
difficulties were, however, encountered in 
attempting to place all types of pituitary 
trouble in these two groups, for conditions of 
presumed overactivity frequently merge into 
states of underactivity, so that symptoms 
characteristic of both states blend one with 
another, just as in the case of the thyroid 
symptoms of myxoedema are engrafted on 
the picture of Graves’ disease. Then again, 
in the pituitary we are dealing with two 
separate lobes, either one of which may 
become the seat of disease without the 
involvement of the other, or one may be- 
come adenomatous and clinically overactive, 
and by pressure upon the other lobe may 
impair its function and cause a condition of 
underactivity of this part. To designate this 
large group of pituitary diseases the term 
‘“‘dyspituitarism” has been used. 

In considering the symptomatology of 
pituitary disorders it is convenient to think of 
it in terms of local symptoms due to pressure 
by the enlarging pituitary body upon im- 
portant neighboring structures and of general 
glandular manifestations consequent upon 
changes produced by excessive or deficient 
pituitary secretion. The change may be 
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Fic. 1. Female I (pituitary fed). 18.5. (See description under Fig. 2.) 


primarily due to the excessive secretion 
itself or secondarily due to consequent 
disorders in the other ductless glands, such 
as the genital glands reference to which will 
be made shortly. 

Pressure upon parts in the immediate 
neighborhood of the pituitary is occasioned 
mostly by hyperplasia or tumor growth of 
the gland itself. The principal pressure 
symptoms thus caused may be briefly men- 
tioned. They are headaches, usually bilateral, 
and due probably to distention of the dural 
envelope of the gland. If the tumor enlarge- 
ment encroaches upon the intracranial space 
general headaches, frequently with vomiting, 
choked disc superimposed upon primary 
optic atrophy and disturbances due _ to 
pressure upon important neighboring cerebral 
areas may result. Frequently there is ab- 
sorption, varying in degree, of the bony walls 
of the sella turcica, the study of which has 
been aided so much by the X-ray. The optic 
nerve is early involved, with resultant char- 
acteristic types of blindness. In the more 
severe grades of general intracranial pressure, 
convolutional pressure markings on the inner 
surfaces of the bones of the cranial vault 
may be recognized by the X-ray. 

_The general glandular manifestations docu- 
ment themselves in changes in growth, in 


cutaneous and subcutaneous changes, in 
adiposity and alteration in the carbohydrate 
metabolism and tolerance, in urinary changes, 
in variations in body temperature, blood 
pressure, in mental disturbances, and in 
secondary disturbances in other of the duct- 
less glands, particularly the genital glands. 
Histological alterations are known to occur 
in the thyroid, adrenals, thymus, pancreas, 
and pineal, but they possibly are less definite 
and of less significance than those found in 
the genital glands and will not be considered 
in greater detail at the present time. 

1. Hyperpituitarism. Clinical hyperpit- 
uitarism is now quite generally considered 
to be due to overactivity of the pituitary 
anterior lobe secondary to adenoma or hyper- 
plasia of this anatomical division of the gland 
and evidenced histologically by a_ great 
increase in the number of eosinophile or 
acidophile cells. If this condition antedates 
puberty the resulting condition is known as 
gigantism; on the other hand, if the hyper- 
pituitarism develops in the postadolescent 
period the well-known disease, acromegaly, 
develops. We are acquainted with examples 
of excessive sexual libido occurring in the 
early stages of the latter, and with cases of 
premature acquisition of sexual power and 
secondary sex characteristics if the hypophy- 
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Fic. 2. Female II (control). 18.5 


Figs. 1 and 2 represent in one plane the ovary, the fimbriated end of the tube and 
the beginning of the uterine cornu of two young rats, 2? months old, of the same 
litter, to the first of which (Fig. 1, Female I), pituitary extract (whole gland) was given 
over a period of 42 days, from the time when the animal was 30 days old; the second, 
the control (Fig. 2, Female II), received no glandular feeding. Both animals were 
sacrificed when they were 72 days, or 225 months old. Compare, in Fig. 1, the 
presence of corpora lutea (c. /.), the scarcity of unripe follicles (wv. f.), the marked 
endometrial hyperplasia in the uterine cornua (vz. c.), the proliferation of the fimbriated 
end of the tube (/. e.), and the increased vascularity in the hilus of the ovary, 
with (in Fig. 2) the number of unripe graafian follicles (w. f.); the absence of 
corpora lutea, the smaller degree of branching of the fimbratied end of the tube 
(f. e.), and the simple thin mucous membrane in the uterine cornu (#. c.). p. f.; 
Primordial follicle; End., endometrium; my., myometrium. 





seal overactivity antedates normal adol- 
escence. After a period of hyperplasia and 
hyperactivity of the pituitary, particularly 
the anterior lobe, the gland undergoes a 
retrogressive alteration, as shown by the 
strumous tumor formation and the tendency 
to cystic degeneration of the pituitary so 
frequently found in the later stages of acro- 
megaly. It is for this reason without doubt 
that so much confusion has arisen in inter- 
preting the sexual changes occurring in the 
disease, but if we remember that the pituitary 
gland itself undergoes a kind of involution 
from a hyperactive to a hypoactive state in 
acromegaly, then we can readily comprehend 
the early increased libido and hyperactivity 
of sexual function and the late loss of libido 
and incidence even of impotence in the male 
and cessation of menses with sterility in the 
female. 


In the final stage in both sexes a high degree 
of atrophy of the sex glands develops. Indeed 
it is not uncommon for the gynecologist to be 
the first to be consulted by the patients 
suffering from these pituitary disorders be- 
cause of the disturbing genital changes. 
If it were possible to examine the sex glands 
in the early stages of gigantism and acro- 
megaly one would in all probability find 
histological evidences of very active sperma- 
togenesis in the male and abundant ovulation 
in the female. Since, however, the sex glands 
at autopsy are examined in almost all in- 
stances in the late stage, we find only evidence 
of hypoplastic change.. Thus in gigantism 
we find skeletal overgrowth combined with 
genital hypoplasia and imperfectly acquired 
secondary sexual characteristics and in 
acromegaly we similarly have the well-known 
bony overgrowth and retrogressive sexual 
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FIG. 3. 


Fic. 3. 


Female I (pituitary fed). 

Figs. 3 and 4 represent transverse sections through the junction points of the 
uterine cornua (cervix uteri) of the same rats, whose ovaries and cornua are repre- 
sented in Figs. 1 and 2. 


X 24. 


Section from the cervix of the uterus of Female I, to which pituitary extract 


(whole gland) was given over a period of 42 days from the time the animal was 


30 days old. 


changes producing amenorrhoea and sterility, 
even though the sexual functions may have 
been previously quite normal. Sections of 
the ovary analogous to those of the testis, 
obtained in the late stages of acromegaly 
show definite hypoplastic, retrogressive 
changes onthe part of the graafian follicles 
and possibly of the interstitial tissue. Corpora 
lutea are not present. 

2. Hypopituitarism. In primary hypo- 
pituitarism there is possibly an even more 
striking influence toward hypoplastic changes 
in the sex glands. Cases of primary pituitary 
atrophy or destruction by tumor formation 
belong in this class. If the hypopituitarism 
antedates puberty there results the striking 
condition known as_ dystrophia adiposo- 
genitalis, a condition to which Froehlich (12) 
first drew attention in tg901 and which is 
characterized by genital aplasia, undersized 
stature, hypotrichosis and a characteristic 
adiposity, of the feminine type when it 
occurs in males. There is a failure of develop- 
ment of the secondary characters of sex, and 
puberty may be delayed or may not appear 
at all. 

If a similar condition develops after puberty 
has been reached one would of course not 
expect to see such striking reversive tenden- 
cies, but we do see a marked tendency to 
adiposity, hypotrichosis, often subnormal 
temperature, slow pulse, dry skin, a high 


sugar tolerance, and irregularities in sex 
function, which express themselves in scanty 
irregular menstrual periods, amenorrhora and 
sterility. The ovaries show definite retro 
gressive change. 

3. Dyspituitarism. Certain clinical cases 
are met with in which there is a combination 
of symptoms and findings of both the hyper 
and hypopituitary state. These are grouped 
under the term of “‘dyspituitarism.” 


Ill. PITUITARY CHANGES SECONDARY TO 
PRIMARY ALTERATIONS IN THE SEX GLANDS 


1. In pregnancy. The converse interrela- 
tionship from that just considered, that is, 
a pituitary change secondary to primary 
alteration in the sex glands, is also illustrated 
by clinical and experimental conditions. 
Thus Compte (13) in 1898 was the first to 
show that there was an increase in weight of 
the hypophysis at the end of pregnancy, due 
to hyperplasia and hypertrophy of the 
anterior lobe. Erdheim and Stumme (14) 
first demonstrated the pregnancy hyper- 
trophy of the hypophysis in the human and 
carefully described the essential changes 
which occur in the anterior lobe. These 
changes are due to the accumulation in large 
numbers of a new cell type, the pregnancy 
cell, derived from the chromophobe or chief 
cell. These large pregnancy cells which are 
clear and neutrophilic dominate the picture, 
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Fic. 4. Female II (control). X24. 
Fic. 4. Section taken from the control animal at a point corresponding to that 


represented in Fig. 3. 


Note in the endometrium the marked hypertrophy and hyperplasia of the uterine 
mucosa with active gland formation suggesting the pregnancy reaction, the very cellular 
character of the propria, and the increased thickness of the musculature of the 
myometrium in Fig. 3, as compared with Fig. 4 (control). From the Bulletin of 
the Johns: Hopkins Hos pital, 1916, xxvii, 35-36. 


while the eosinophilic cells, markedly de- 
creased in number, are crowded aside into 
the more central portions of the gland acini. 
The histological picture thus afforded is very 
striking. The hypertrophy of the pituitary 
occurring in the later stage of pregnancy 
may become so marked as to exert pressure 
upon the adjoining optic chiasm sufficient 
to cause a transient bitemporal hemianopsia, 
cases of which have been reported from time 
to time. Associated with this hypertrophy 
occurring in pregnancy there may be signs 
and symptoms attributable to a temporary 
hyperfunction of the pituitary, such as 
definite change in thickness of the nose and 
face and enlargement of the hands and feet. 
Similarly a transient glycosuria may be found, 
possibly due to transient hyperfunction of 
this gland. Within a few months postpartum 
retrogressive changes occur, the pregnancy 
cells return to the type of chief cells and the 
gland once more assumes its normal appear- 
ance. The involutions of the gland may be 


incomplete and after repeated pregnancies 
there may result a kind of strumous degen. 
eration followed by symptoms dependent 
upon a deficiency in pituitary secretion. 

2. After castration. On the other hand, in 
castration, both in animals and in the human, 
it has been shown that there is a consequent 
hypertrophy of the hypophysis. Fichera (15) 
was the first to demonstrate that in a series 
of castrated animals of different species, 
including the cock, ox, buffalo, guinea pig 
and rabbit, there was a definite increase in 
the weight of the hypophysis, relatively 
greatly in excess to the increased growth of 
the animal. Histologically, in addition to 
the hyperemia there was an increased number 
of eosinophiles. Tandler and Grosz (16) 
were similarly able to show an hypertrophy 
of the pituitary body in the castrated human, 
as indicated by enlargement of the sella 
turcica, demonstrable by the X-ray in the 
living and by examination of the skeleton 
after death. Tandler (17) showed that a 
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pituitary hypertrophy following castration 
occurred not only in the skopzen sect of 
eunuchs, but that the same condition occurred 
also in castrated women. For a more detailed 
account of the genital changes occurring in 
clinical cases of pituitary disease the reader 
is referred to the case reports and particularly 
to Part III, pp. 275-280, of Cushings’ (18) 
comprehensive monograph The Pituitary Body 
and Its Disorders. 


IV. THE USES OF POSTERIOR LOBE EXTRACT 
IN OBSTETRICS AND IN INTESTINAL PARESIS 

1. In pregnancy. Very soon after our 
understanding of the action of pituitary 
extracts upon the genital system became 
more definite, these substances were applied 
therapeutically in clinical cases. Thus Herz- 
berg (20) used intramuscular injection of an 
active pituitary product called ‘‘hypophysin,” 
in cases of pregnancy, with apparent success 
in causing more powerful contraction of the 
uterus during parturition. Because of its 
characteristic stimulating action upon smooth 
muscle generally, and particularly and almost 
specifically upon the pregnant uterus, pit- 
uitary extract (posterior lobe) has come into 
wide use in obstetrics. The extract on the 
market is known as “pituitary liquid” or as 
“‘pituitrin.”” It is a carefully prepared solu- 
tion of the active principle of the posterior 
lobe and can be standardized by the isolated 
uterus method. This latter method enables 
us to know the exact strength of solution 
which we are using. Pituitary liquid repre- 
sents the active principle of the pituitary 
posterior lobe in normal salt solution and 
is put up in 1 cubic centimeter ampoules 
convenient for hypodermic use. According 
to Fenger (21), ‘‘The uterine contracting 
principle of the posterior lobe of the pituitary 
body is readily extracted from the fresh 
glands by water and also by neutral and 
acidulated methyl or ethyl alcohol. The 
acidulated methyl alcohol extract is more than 
twice as strong as the water extract and 
somewhat stronger than the pure crystal- 
line B-imidoazolylethylamine hydrochloride.” 
“Pituitary Liquid” is now official in the new 
pharmacopeia. 


In an article entitled ‘Observations on 
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Pituitary Extract in Obstetrics,’ published 
in May, 1915, Rowland (22) reports the 
results of a careful study on the use of 
pituitary posterior lobe in a series of obstet- 
rical cases. I shall borrow freely from this 
report in my consideration of this phase of 
our subject. 

The easy administration of the drug, the very 
satisfactory results in properly selected cases, the 
apparent harmlessness of its use, the apparent 
saving of many cases from operative delivery and 
particularly the almost immediate termination 
of labor after hours of tiresome waiting by the 
physician and of painful and exhausting labor for the 
patient all make a very strong appeal to the obstet- 
rician. For this reason the dangers of pituitary 
administration, for there are real dangers in its 
use, should also be impressed upon those using 
this drug. 

The uterine contractions, caused by hypodermic 
administration of the drug last from 30 minutes to 
about two hours or longer with an average duration 
of about one hour. They are increased in intensity 
and the intervals diminished. In cases of labor the 
effect of the drug is first shown in less than ten 
minutes after administration. The contractions 
experimentally induced, are in the beginning not 
accompanied by pain, and in cases in the second 
stage the great increase in strength and efficiency of 
contractions does not seem to be accompanied by 
a relative increase in the patient’s suffering. Excep- 
tions, however, do occur. The contractions are not 
tetanic in character though sufficiently continuous 
and severe in some cases to cause concern if there is 
obstruction or a diseased condition of the uterine 
wall. There is usually an increase in the blood 
pressure independent of the intensity of the pains 
set up, with an average increase of about 18 to 
24 milligrams of mercury. The increase is usually 
gradual for about 20 to 30 minutes followed by a 
slow return in the course of an hour to the pressure 
present before injection. From the standpoint of 
toxicity the drug seems on the whole to be harmless. 
There are cases, however, of individuals who seem 
to possess an idiosyncrasy toward the drug and 
who respond to it by having nausea and vomiting 
and in a few instances even collapse. 

There seems no doubt now that labor can be 
induced by the use of pituitrin. By its use it may 
be possible to terminate a full-term pregnancy, 
when it is desirable to do so. The use of pituitrin 
is dangerous in cases where there is failure of the 
cervix to dilate and when the head fails to advance 
and engage. Marked disproportion between the 
head and pelvis furnish probably the strictest 
contra-indication to its use. In proper cases, a 
head which has resisted the unaided efforts of the 
uterus to engage it, may be quickly engaged and 
advanced so that a forceps delivery may be done. 
However, dangers arise when the pituitrin fails to 
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do what is desired and there arises a demand for 
immediate delivery, for then other valuable methods 
for rapid delivery are made impossible. A few cases 
of rupture of the uterus have been reported when the 
drug was used in the first stage of labor. It is useful 
in the first stage of cases of placenta previa in 
conjunction with tampon or balloon, and in cases 
of pre-eclamptic toxemia, eclampsia, or nephritis 
when the increase in blood pressure is not considered 
of itself dangerous. 

It is in the second stage of labor, however, when 
pituitrin is most valuable. In considering its use 
here I can do no better than quote from Rowland’s 
observations. 


All authorities agree that the period of greatest useful- 
ness of the pituitary preparations is during the second 
stage of labor. Many women are able to fully dilate the 
cervix but make no further progress, or may fail to engage 
a head in the slightly contracted pelvis, or may advance 
the head partially through the birth canal, or may even 
bulge the perineum with the advancing head or breech, 
and then succumb to exhaustion. For one reason or 
another it is the second stage which has usually brought 
the exhaustion, fatal to the hoped for spontaneous delivery. 
It is here that the remedy shows its almost magical 
quality, terminating sometimes in a few minutes, cases 
which have dragged to an almost interminable length, or 
quickly changing a slow and exhausting second stage with 
weak and far apart and insufficient pains into vigorous, 
forceful and efficient bearing down pains which make the 
patient and her friends as well as the attendant have hope 
of a speedy termination. No other remedy or method 
of delivery can bring, when successful, such a change in 
the outlook of what has been a tedious and wearisome 
case. It will make an easy low forceps sufficient, when a 
difficult high forceps would otherwise have been necessary. 
It practically does away with the cases which otherwise 
would terminate in a low forceps delivery. 


There are certain disadvantages and dan- 
gers in the use of pituitrin which should be 
mentioned. It should not be given at all or 
administered with the greatest caution when 
there is obstruction or a diseased or weakened 
condition of the uterine wall. There is more 
damage to the perineum than in correspond- 
ing cases delivered spontaneously, but the 
disadvantage is offset by the number of 
forceps deliveries from which patients are 
saved. There is danger of asphyxiation of 
the child if for any reason delivery is delayed 
while the placenta is being separated from 
the uterus. The sudden and rather pro- 
longed rise of blood pressure may be a com- 
plicating factor in some instances. The 
possibilities of rupture of the uterus have been 
mentioned. Certain other advantages may 
be cited. There is less hemorrhage after de- 
livery. Pituitrin, however, has not displaced 
ergot in stopping hemorrhage. 


o 


It has been claimed by some that pituitary 
liquid will distinguish between pregnancy 
and labor, the basis for the differentiation 
being that a small dose ofthe drug (% 
cubic centimeter) will start uterine contrac- 
tion if pregnancy has reached term, but if 
administered before term the effect is tran- 
sient and additional doses will have no effect. 
It seems that when thus used the drug 
sensitizes the pregnant uterus but does not 
stimulate strong contractions. 

In the obstetric clinic of the Johns Hopkins 
Hospital, Williams is making rather extensive 
use of pituitary liquid. The indications for 
its use have been grouped under three heads. 


In the first place pituitary liquid is used in 
primipare only when the head is beyond the spines 
and on the perineum thus assuring free passage to 
the head. In multipare it is used frequently even 
when the head is at the spines, no bad results having 
been seen in its use at this stage. The general 
results have been very satisfactory and as a conse- 
quence of this therapy there has been a very con- 
siderable reduction in the use of forceps. 

The second use of this drug by Williams is for 
the arrest of hemorrhage postpartum, instead of 
ergot. It acts more rapidly than ergot—inside of 
3 to 5 minutes—and is always followed by the latter 
given hypodermically. In cases of severe hemor- 
rhage, or in which further hemorrhage is feared, 
ergot may also be given by mouth. The reason for 
this mode of treatment lies in the fact that the 
effect of pituitary liquid is rather transient, the 
subsequent administration of ergot being intended 
to cause continued contraction of the uterus after 
the effect of the pituitary drug has worn off. For a 
similar reason pituitary liquid is used in cases. of 
complete uterine atony after forceps have been 
applied. 

The third use is in cases of c#sarean section in 
which this drug is used as a prophylactic against 
hemorrhage. Formerly a hypodermic of 1 ampoule 
(1 cubic centimeter) of the drug was given just 
before the beginning of the operation. This time 
was chosen on a basis of allowing 3 minutes for 
delivery, since the action of the drug is rather rapid. 
However, in cases of inability to deliver in 3 to 5 
minutes as a result of operative difficulties, there is 
a distinct danger of asphyxiation of the child. 
Consequently this mode of administration was given 
up and a change was made in the time of injection 
of the drug. At present the syringe is ready, the 
ampoules are previously sterilized and the injection 
is given directly into the posterior wall of the uterus 
just as soon as the baby is delivered. The action 
of the drug is very rapid, the uterus contracts power- 
fully and usually becomes board-like in 11% to 2 
minutes. This treatment has now become the 
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routine in these cases and the results have been 
very satisfactory. 

The pituitary liquid is not given at all in Williams’ 
clinic in the primary stage of labor. In a few earlier 
instances in which the drug was given at this stage, 
violent pains were produced of such severity that 
chloroform had to be administered to the patient. 
No serious results were experienced. However, 
the principal dangers that should be mentioned 
are rupture of the uterus when the drug is 
given in the first stage when the cervix is not 
dilated and particularly in cases of weakness of the 
uterine walls. The second major danger is asphyx- 
iation of the child in those cases where rapid delivery 
subsequently becomes impossible. The drug acts 
in 3 to ro minutes and the effect lasts for three- 
quarters of an hour to one hour. If it has not 
acted in 10 to 15 minutes it is safe to repeat the 
dose. Frequently it is found that '2 cubic centi- 
meter is just as effective as 1 cubic centimeter and 
repeated doses when indicated can be given without 
dangers except of course those mentioned. Since 
the action of pituitary liquid is rather transient, 
there is still a definite use for ergot, which is used 
very extensively secondary to the previous treat- 
ment with pituitary liquid. The latter has also 
been used for the relief of distention with con- 
siderable success. For the relief of this condition 
the treatment is the same whether the patient is a 
primiparous or multiparous woman. No disagree- 
able after-effects from the administration of this 
drug have been observed such as nausea, vomiting, 
collapse or disturbances of the circulatory system. 


2. In intestinal paresis. Because of its 
stimulating action upon the smooth muscu- 
lature of the bowel, pituitary liquid has been 
used rather extensively for intestinal paresis 
and distention following abdominal and 
pelvic operations. The dose used varies from 
0.5 to 1.5 cubic centimeters injected intra- 
muscularly in the gluteal region. The first 
dose is usually given from four to six hours 
after operation and may be repeated a num- 
ber of times at intervals of four to six hours, 
according to indications. According to the 
reports published no serious results seem to 
have followed this treatment. In many cases 
markedly beneficial effects have been ob- 
served, such as early passage of flatus, cessa- 
tion of abdominal discomfort, and a freer 
movement of the bowels. Catheterization 
seems to be less frequently necessary on 
account of postoperative retention of urine. 
since bladder irritability is also increased by 
injections of pituitary liquid. The injections 
should be given intramuscularly because the 
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subcutaneous injections are apt to produce 
considerable pain and may be followed in 
certain instances by local necrosis. 


V. THE USE OF PITUITARY EXTRACTS IN 
DISEASE OF THE PITUITARY GLAND 

Considerable success has furthermore been 
attained by the oral or hypodermic adminis- 
tration of pituitary extracts in clinical cases 
of pituitary disease exhibiting among other 
symptoms the characteristic sexual dis- 
turbances such as amenorrhoea and sterility 
in the female and the loss of libido and 
potentia sexualis in the male. A number of 
such cases have been recorded by Cushing 
(19) in which after administration of pituitary 
extracts by mouth, there has been a return 
in part or entirely of menstruation and of 
libido and potentia. It seems probable that 
in conditions interfering with the normal 
function of the pituitary gland, both the anter- 
ior and posterior lobes are involved, and 
that we therefore see in the corresponding 
clinical states symptoms due to disturbances 
in both lobes. Reference was made in a 
previous section of this paper to the experi- 
mental facts which showed that a deficiency 
in posterior lobe secretion is followed by a 
tendency to the deposition of fat and to 
changes in metabolism, such as an increased 
tolerance for carbohydrates, and that these 
changes can be favorably influenced by the 
administration of posterior lobe extract. 
The genital disturbances, which follow defi- 
ciency in pituitary anterior lobe function and 
which are associated with these changes just 
mentioned are benefited by the administra- 
tion of anterior lobe extract. It follows then 
that in order to obtain the greatest benefit 
in clinical cases which combine the symptoms 
of deficiency of both pituitary lobes, one 
should administer the whole gland extract 
derived from both lobes of the gland. 

Since many clinical states may present 
symptoms often very similar and yet depend- 
ent upon a different etiology, patients may 
complain of disturbances in genital function 
dependent upon changes primarily in the sex 
glands or secondarily due to disturbances in 
pituitary function. It is of advantage in the 
treatment of these cases to determine, in so 
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far as this is possible, whether the symptoms 
complained of are pelvic or pituitary in origin, 
for it seems definitely shown that better 
results are obtained when the extract of the 
gland primarily deficient is given and per- 
haps supplemented by one or more extracts 
of the glands secondarily involved. Thus in 
a case presenting a symptomatology clearly 
pituitary in origin with secondary ovarian 
involvement, emphasis should be placed upon 
pituitary feeding supplemented by ovarian 
or corpus luteum administration, and in a 
case in which the opposite is true, the con- 
verse method of glandular feeding should be 
instituted. In a series of cases illustrating 
types of genital under-function and adiposity 
recently reported by Vest, (23) in which 
marked improvement followed the adminis- 
tration of ovarian and corpus luteum extracts, 
it is possible, as the author suggests, that 
even greater benefit might have been derived 
by the supplemental feeding of pituitary 
extract. This would seem to be the case par- 
ticularly with reference to the adiposity 
which could be explained by a coincidental 
underfunction of the pituitary. Indeed, the 
degree of reduction of the adiposity and the 
carbohydrate tolerance, which is usually high, 
might be used as an index to the dosage of 
gland extract which should be used. At times 
in cases exhibiting polyglandular manifesta- 
tions, small amounts of thyroid extract or 
even adrenalin may with benefit be added 
to the pituitary feeding. In addition to the 
improvement in the specific symptoms com- 
plained of there is improvement also in the 
associated symptoms. Thus subnormal body 


temperature again becomes normal, the 
blood pressure rises, constipation is less 
troublesome, and there is less drowsiness 


and mental inactivity. In gigantism and 
acromegaly, it is obviously necessary to 


determine whether the disease is early and 
in the stage of pituitary overactivity, for at 
such a time administration of pituitary extract 
might well result in exacerbation of the 
symptoms complained of, just as the symp- 
toms of exophthalmic goiter may be aggra- 
vated by thyroid administration. 
Unfortunately, in the present state of our 
knowledge, organotherapy is largely empirical. 


The principal reason for this lies in the fact 
that thus far it is impossible to determine 
how much active principle is contained in a 
given amount of the dried gland extract 
such as is used so largely in the treatment 
of clinical cases. Certain active liquid prepa- 
rations are at present prepared by the larger 
pharmaceutical firms, but the difficulties 
accompanying often repeated hypodermic 
injections are too obvious to need mention. 
The latter method of administration, how- 
ever, is the most effective and the most 
satisfactory, if not continued over too long 
a period of time. 

A uniform method of standardization of 
the extract used is very essential for successful 
therapy. Fortunately the feeding of pituitary 
extracts is unaccompanied by any special 
dangers such as are known to follow the 
administration of thyroid extract. In fact 
Cushing reports that in one of his cases in the 
late stage of acromegaly, he gave as high as 
10oo grains daily of whole gland pituitary 
extract in order to get the desired benefit. 
A convenient dosage to begin with is one 
which represents the administration by mouth 
of 5 grains of actual dried extract three times 
a day, increasing until improvement is 
noticed. It should be noted here that many 
of the tablets placed in the hands of the pro- 
fession contain accessory substances used in 
their manufacture and hence represent much 
less of the active gland substance than their 
weight might indicate. 

Attention should be drawn to this point, as 
otherwise a patient might well receive a dose 
considerably smaller than is desired and 
intended. The amount of extract of other 
ductless glands and the mode of combina- 
tion naturally would depend upon the indica- 
tions in the case. Unfortunately, this again 
of necessity is empirical, and one can be 
guided only by the effects produced. The 
greatest benefits derived from gland therapy 
are those obtained by correct and patient 
administration over considerable periods of 
time, from three months to a year or more. 
Both experimental and clinical experience 
has shown that specific results are only ob- 
tained after a considerable lapse of time and 
many of the failures reported are undoubtedly 
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due to too short duration of gland administra- 
tion. Then again the dosage may be too 
small to produce results when an increase 
would be of distinct benefit. Thus with 
pituitary extract, it often becomes necessary 
to increase the amount of gland until a 
definite therapeutic effect is shown. 


VI. SUMMARY 

Perhaps between no two of the ductless 
glands is a closer interrelationship in function 
demonstrable than between the pituitary and 
the sex glands. There is abundant evidence 
available at the present time for believing 
that such a close association in function 
exists. We know from’ experiments in 
which the pituitary gland has been partially 
removed in dogs that a deficiency in pitui- 
tary secretion thus produced is followed by 
underdevelopment, genital inactivity and 
hypoplasia in young animals, and by impo- 
tence and sterility and retrogressive changes 
in the sex glands, together with adiposity 
in case the animals were adult at the time of 
operation. Conversely after primary altera- 
tions in the sex glands, as is seen in preg- 
nancy or after castration, there is a conse- 
quent hyperplasia and hypertrophy of the 
pituitary gland. Overstimulation of young 
animals with the extract of pituitary anterior 
lobe is followed by overdevelopment and 
marked increased activity of the sex glands. 
Even histological evidences of such increased 
function are apparent, such as premature 
sex development evidenced by early and 
abundant ovulation in the female. It is the 
secretion of the anterior lobe of the pituitary 
which is responsible for these sex changes, 
whereas the posterior lobe secretion has an 
important function in regulating, certainly 
in part, carbohydrate. metabolism, absence 
of this secretion béing followed by a tendency 
to adiposity. 

Clinical hyperpituitarism is well exempli- 
fied in the diseases, gigantism and acromegaly, 
now generally believed to be due to an over- 
function of the anterior lobe of the pituitary 
gland consequent upon adenomatous hyper- 
plasia. In the early stages of these diseases 
we find an exaggerated sexual activity and 
libido, and in the late stages corresponding 
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with pituitary involution and inactivity, a 
disappearance of the sexual function. The 
sex glands in this late stage show, histological- 
ly, atrophy and various forms of degeneration. 
Similarly inactivity and atrophy of the sex 
glands, is seen in clinical cases of primary 
hypopituitarism, dependent upon pituitary 
underfunction following upon diseases of this 
gland or of its neighborhood compromising 
its function. 

Pituitary extracts have gained wide usage 
in therapy. Thus “pituitrin” or “pituitary 
liquid,’ derived from the posterior lobe 
(together with pars intermedia) because of 
its stimulating action upon the smooth 
musculature of the uterus and bowel is used 
very extensively and satisfactorily in obstetric 
practice and for the relief of abdominal dis- 
tention and intestinal paresis following sur- 
gical operations in the abdomen or pelvis. 

As a result of the facts learned from the 


‘experimental feeding of pituitary extracts, 


particularly of the anterior lobe we should 
feel encouraged in our efforts to benefit 
clinical states dependent upon underfunction 
of this gland in the human. Thus, for ex- 
ample, a number of clinical cases showing 
among other symptoms, characteristic sexual 
disturbances (irregular menstruation, amenor- 
rhoea, sterility), dependent upon primary 
pituitary disease, have been so _ greatly 
benefited that there have been a return of 
menstruation and libido even when these 
had been absent for a considerable period. 
It is probable that many clinical conditions 
showing genital aplasia, adiposity, and under- 
development and dependent upon changes 
in one or more of the ductless glands other 
than the pituitary, would be benefited by the 
feeding of pituitary extract in addition to the 
extract of the gland which is primarily 
involved. On the other hand, the feeding 
of extracts, such as thyroid and adrenal, 
combined with pituitary in clinical cases of 
pituitary diseases in which symptoms refer- 
able to these glands are present is advisable. 


CONCLUSIONS 
1. There is a close interrelationship in 
function between the pituitary and sex 
glands, a fact supported by abundant experi- 


mental evidence and by numerous osberva- 
tions on pituitary disturbances in the human , 
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subject. 


lobe is associated with overactivity of the _ ¢. 


Overfunction of the pituitary anterior 


sex glands. 


individual is followed by underdevelopment _ 9. 


Deficiency of pituitary secretion in the 


and genital aplasia in the young and by 


sexual inactivity and retrogression in the jo, 


adult. 


Primary alterations in the function of 


the sex glands, as in pregnancy and aiter 
castration, are followed by pituitary hyper- 
trophy and hyperplasia. 


The specific action of posterior lobe 12. 


extract (“‘pituitrin,” ‘‘ pituitary liquid’’) upon 


the smooth musculature of the uterus and 


; : woo 
bowel has led to the wide usage of this 
drug in obstetrical practice and in the treat- 
ment of intestinal paresis following abdom- J 14 
inal and pelvic operations. 

The administration of pituitary extracts pis. 
is of distinct benefit in clinical states of 
pituitary underfunction. 
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THE PHYSIOLOGICAL AND PATHOLOGICAL IMPORTANCE OF THE PARA- 
THYROID GLAND FROM THE EXPERIMENTAL ASPECT 


By CARL VOEGTLIN, Pu. D., WAsHINGTON 


UR present knowledge of the parathy- 
() roid gland can be traced back to the 

early studies of the physiologist, Schiff, 

who, on extirpating the thyroids of 
dogs, observed in some cases the clinical 
symptoms known as tetany. Schiff, how- 
ever, did not associate these symptoms with 
the absence of the parathyroid gland in his 
animals as the existence of these glands was 
unknown in his time. The year 1880 marks 
the beginning of the rational study of the 
parathyroid gland, as in this year Sandstroem 
discovered the gland and sometime later Gley 
attributed to it a separate function from that 
of the thyroid. 

In spite of the fact that the anatomy and 
histology of the parathyroid differ in many 
respects from that of the thyroid, some in- 
vestigators still continued to consider these 
two glands to be intimately related to each 
other. Asa result of the splendid researches 
of Gley, Vassale and Generali, Erdheim, 
MacCallum, and many others, it is now gen- 
erally accepted that the thyroid and parathy- 
roid are glands with distinct and separate 
functions. Thus it was shown that the com- 
plete extirpation of the thyroid alone leads to 
hypothyroidism with typical manifestations 
such as occur in myxcedema and cretinism. 
In contrast to these observations, it was found 
that the complete removal of the parathyroids 
alone leads withina few days tothe appearance 
of tetany. The clinical pictures of these 
two conditions, i.e., hypothyroidism and 
tetany, differ so much from each other that 
one is forced to believe that the two glands 
possess separate functions. Whereas removal 
of the thyroid leads to a chronic disturbance 
of metabolism which is not necessarily fatal, 
the complete absence of the parathyroid is 
always followed by the death of the animal. 
The vital importance of the normal functions 
of the parathyroid gland for the higher ani- 
mals is, therefore, self-evident. 

Unfortunately our information of 


the 


physiological function of this gland is still 
inadequate. The only method so far avail- 
able to study this problem has been the ex- 
perimental production of tetany or hypopara- 
thyroidism. By these means it is at least 
possible to study the changes occurring in the 
animal body as a result of the absence of 
the parathyroid gland. The most suitable 
laboratory animals for this purpose are dogs, 
albino rats, and cats. With some experience 
all of the parathyroids can be extirpated 
from these animals with very little injury to 
the thyroid. Recovery from the operation 
is usually very rapid and the animal is of 
normal appearance a few hours later. Within 
a few days, however, the animals develop 
a state of hyperexcitability, characterized by 
muscular twitchings involving the skeletal 
muscles of part or of the whole body, fibrilla- 
tion of the tongue, tachycardia, tachypneea, 
hyperexcitability of the peripheral nerves to 
the galvanic current, and increased reaction 
to the drugs stimulating the sympathetic 
nervous system. This period of hyperexcita- 
bility is usually followed by a state of depres- 
sion. ‘he animal is very quiet and refuses 
food. The periods of hyperexcitability and 
that of depression are obviously due to quite 
different conditions and although the hyper- 
excitability is more evident, the fact should 
not be forgotten that the depression may be a 
manifestation of hypoparathyroidism. The 
state of depression may later on be followed 
periodically by hyperexcitability, a fact which 
may have a definite underlying cause in the 
metabolic changes occurring after parathy- 
roidectomy. 


NATURE AND CAUSE OF PARATHYROID TETANY 

Tetany has been regarded by many au- 
thors as an intoxication by metabolic prod- 
ucts. That the metabolism of parathyroid- 
ectomized animals is, in many respects, ab- 
normal will be discussed later. The question 
which concerns us here is whether tetany is a 
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true intoxication, in the sense that abnormal 
and toxic metabolic products are present 
in the body, or whether tetany is primarily 
due to an accumulation or overproduction of 
metabolic substances norma!ly formed. Both 
conceptions are reasonable and do not stand 
in flat contradiction to the experimental 
facts. 

It would probably be best to present here 
briefly the facts so far discovered having a 
bearing on the cause of tetany. This will be 
preceded by a short description of the symp- 
toms of tetany as they appear after complete 
parathyroidectomy in experimental animals. 

On carefully exposing the thyroid lobes of a 
dog one notices several small bodies adhering 
more or less firmly to the thyroid. These 
bodies represent the parathyroid glands and 
can be removed, causing little damage to the 
thyroid. A few days after the operation 
twitchings are noticed in the skeletal muscles 
and also in the tongue of the animal. These 
symptoms gradually increase in severity to 
such an extent that the animal is forced to 
lie on its side with its legs stretched out on 
account of spasticity. Extreme tachycardia 
and tachypnoea are common symptoms at 
this stage of the disease. There is usually a 
rise in body temperature during active tetany. 
The attack may pass over after having lasted 
for several hours and the animal is then 
usually in a condition of depression, taking 
no interest in its surroundings. After a day 
or two the symptoms of hyperexcitability 
may reappear and this be followed again by 
depression. Death takes place during an 
attack of hyperexcitability or more often 
during the stage of depression. 

The peripheral nerves during tetany show a 
marked increase in irritability to the galvanic 
current. Falta and Kahn believe that the 
sympathetic and parasympathetic systems 
also are in a state of hyperexcitability as 
evidenced by the increased reaction by this 
system to certain drugs (epinephrine, pilo- 
carpine). It should be emphasized that 
increased nervous irritability is not only 
associated with the visible muscular twitch- 
ings but is constantly present, although to a 
lesser extent, even in periods of depression. 
This abnormal condition of the nervous 
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system is probably not limited to the periph- 
eral nerves but is characteristic of all nervous 
tissues in tetany, a fact which might find its 
explanation in a definite abnormality of 
the body fluids in this condition. 

These considerations have led to attempts 
to control tetany by means of the administra- 
tion of normal body constituents. 


The work of Loeb, Sabbatani and others has 
shown that salts of bivalent metals with few ex- 
ceptions (barium) have a depressing action on the 
nervous system. It was, therefore, reasonable to 
test the action of these salts on animals in tetany. 
The results obtained by MacCallum and Voegtlin, 
Parhon and Urechi and many others, demonstrate 
that an intravenous injection of any soluble calcium 
salt (chloride or lactate) almost instantly removes 
the visible symptoms of tetany as well as the ab- 
normal irritability of the peripheral nerves to the 
galvanic current. Strontium salts were shown 
to have an identical action as that of calcium salts. 
Magnesium salts also removed tetanic manifestations 
but the powerful depressing effect of these salts 
made it evident that they were not so well suited for 
the suppression of tetany. Moreover it was ob- 
served that similar amounts of sodium chloride 
or bicarbonate, potassium chloride and ammonium 
chloride, had no curative action; on the contrary 
sodium bicarbonate seemed rather to aggravate the 
symptoms. Later Joseph and Meltzer found that 
an intravenous injection of hypertonic (10 per cent) 
NaCl solution had a beneficial effect on tetany 
dogs. Obviously the action of the hypertonic salt 
solution was not due to the NaCl per se but rather 
to the high osmotic pressure of the solution, an 
explanation which is furthermore supported by the 
observation that hypertonic solutions of glucose 
also slowly relieve the muscular twitchings. Recent- 
ly Wilson, Stearns, and Janney reported that an 
intravenous injection of dilute hydrochloric acid 
has the same effect on the tetany dogs as an injection 
of calcium. The observations of MacCallum and 
Voegtlin on the aggravating effect of Naz Co; are 
confirmed and extended. Hence it is evident that 
a number of inorganic salts (Ca, Sr, Mg) and hydro- 
chloric acid all possess the property of temporarily 
curing tetany. None of these agents, however, is 
capable of saving the life of parathyroidectomized 
animals, although animals treated in this manner 
may survive untreated controls. 


MacCallum and Voegtlin on the basis of 
their results formulated the hypothesis that 
the parathyroid controls in some way cal- 
cium metabolism, that after the removal of 
this gland the body fluids and soft tissues are 
deprived of soluble calcium, hence the appear- 
ance of the abnormal irritability of the ner- 
vous system with all the typical symptoms of 
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tetany. This hypothesis seems especially rea- 
sonable, if considered in connection with the 
splendid researches of Erdheim, who was 
able to demonstrate that parathyroid insuf- 
ficiency is accompanied by a lack of calcifica- 
tion of the teeth of rats. Temporary insuf- 
ficiency of the parathyroid became noticeable 
in the teeth of rats in the form of a zone of 
deficient calcification of the dentin, preceded 
and followed by a normal layer of dentin. 
MacCallum and Voegtlin also were able to 
demonstrate a loss of calcium salts in the 
urine and feces of parathyroidectomized 
animals. ‘The blood and brain calcium was 
also found to be reduced below normal. 
Later work by MacCallum, Lambert, and 
Vogel yielded additional proof to the calcium 
deficiency theory of tetany. It was shown 
that if calcium-free blood is perfused through 
the leg of a normal dog the irritability of the 
nerves supplying the leg increases markedly. 
Blood obtained from a dog in tetany has the 
same effect; on the other hand normal blood 
perfused through the leg of a tetany dog 
brings back to normal the abnormal irritabil- 
ity of the peripheral nerves. The injection 
into animals of substances such as oxalates 
which precipitate calcium from its solution, 
causes fibrillary twitchings and various other 
signs of hyperexcitability; this also speaks in 
favor of the calcium deficiency theory. 

The fact that HCl is as efficient as cal- 
cium in the treatment of experimental tetany 
would seem at first consideration to contradict 
the whole hypothesis. It should be remember- 
ed, however, that hydrochloric acid is a sol- 
vent for certain insoluble calcium compounds. 
Furthermore it has been shown that the cal- 
cium of the blood is partly combined with 
proteins and other colloids and would under 
these conditions not be fully available to exert 
all its physiological actions. One might 
easily conceive that the introduction of hydro- 
chloric acid directly into the blood would 
increase temporarily at least the hydrogen-ion 
concentration of the blood and in this way 
dissociate complex calcium compounds. The 
calcium set free would then become available 
for needy tissues such as the nervous system 
in tetany. In other words the treatment 
with acid might result in a liberation of 


soluble calcium from some parts of the body 
followed by its redistribution. 

This conception would, however, obviously 
not be satisfactory to explain the beneficial 
effect of hypertonic solutions of sodium 
chloride and glucose. In this case the proper 
explanation might be as follows: Hypertonic 
solutions of NaCl and glucose are known to 
depress the activity of certain tissues. Re- 
cently I myself observed the marked depress- 
ing effect of hypertonic NaCl on the tonus 
of the smooth muscle of the uterus. Drying 
out of nerves is known to decrease their irri- 
tability. The injection of hypertonic solu- 
tions in tetany might, therefore, produce 
the disappearance of the symptoms by with- 
drawing by osmosis water from the tissues. 
Thus a considerable amount of tissue water 
is lost after an injection of hypertonic salt 
solution into tetany dogs. A marked diuresis 
sets in immediately after the injection is com- 
pleted. 

On the basis of these considerations it 
would seem fairly well established that cal- 
cium is intimately connected with the etiology 
of parathyroid tetany. 

It is, however, difficult to explain why the 
continued administration of calcium salts 
does not save the life of parathyroidectomized 
animals. In this connection I should like 
to call attention to the possibility that after 
all tetany may represent but a symptom- 
complex which may be very well controlled 
by calcium salts but is not necessarily the 
entire expression of the abnormality of the 
body following parathyroidectomy. Tetany 
is so to speak only one part of this pathological 
condition. It is highly probable that in the 
absence of the parathyroid, the metabolism 
of the body and the properties of the cells 
are more or less altered. 

Thus Wilson, Stearns, Thurlow, and Janney have 
recently discovered that complete parathyroidec- 
tomy in dogs is very soon followed by an alkalosis 
of the blood. The blood becomes more alkaline and 
the kidney excretesless acidsandammonia. Withthe 
development of tetany, however, the elimination of 
acids and ammonia increases, this being accompan- 
ied by an acidosis of the blood and an increased 
hydrogen-ion concentration of the urine. Evidently 
some of the biochemical properties of the blood and 
probably also of the tissues are different during 
the periods of muscular hyperactivity and during the 





VOEGTLIN: THE PARATHYROID GLAND 


period of depression. The obvious difference in the 
behavior of the animal in the stage of active tetany 
(muscular twitchings, tachycardia, etc.) from that 
of depression following the active stage, therefore, 
finds also an expression in the biochemical composi- 
tion of the blood; the first stage being characterized 
by an alkalosis, the latter representing an acidosis. 
The slight increase in the hydroxyl-ion concentra- 
tion in the blood after parathyroidectomy might 
possibly be one of the factors concerned in the with- 
drawal of soluble calcium salts from the blood, in- 
asmuch as an increase of hydroxyl-ions would tend 
to precipitate soluble calcium salts. On the other 
hand one might look upon the increased muscular 
activity during an attack of tetany as causing an 
increased production of acid products (lactic acid!) 
with the result of increasing the hydrogen-ion 
concentration of the blood which in turn might lead 
to a mobilization of more or less insoluble calcium 
compounds contained in the blood and tissues. 
Viewed in this light, the temporary recovery from an 
attack of tetany which is such a common observa- 
tion in experimental tetany, might perhaps find its 
explanation. 

The metabolism in tetany is also abnormal 
in other respects. Greenwald calls particular 
attention to the reduction in the excretion of 
urinary phosphates and their retention in the 
blood. Koch notes the excretion of methyl- 
guanidine, choline, and beta-iminazolylethy- 
lamine in the urine during tetany. This last 
mentioned substance was suggested by Biedl 
as possibly representing the hypothetical 
tetany poison, an assumption which seems to 
the author to be rather doubtful. These 
toxic bases are normal metabolism products 
and a slight increase in their excretion with 
the urine during tetany might be due to the 
overactivity of the muscles in this condition. 
Lactic acid also appears during tetany in the 
blood and urine and the urinary creatine is 
increased. ‘These substances are known to be 
intimately connected with muscular activity. 
Furthermore, the toxic symptoms of these 
bases differ in many respects from those 
characteristic of tetany. 

The accompanying table includes in a 
summary way the various metabolic changes 
following parathyroidectomy. 

In summing up our present knowledge of 
the nature of tetany, the calcium deficiency 
hypothesis first advanced by MacCallum and 
Voegtlin still seems to explain all of the 

1 MacCallum and Voegtlin observed the presence of lactic acid in the 


blood’ of dogs in tetany and Cooke demonstrated the presence of this 
substance in the urine of such animals. 
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METABOLIC CHANGES FOLLOWING PARATHY- 
ROIDECTOMY IN DOGS 


Pretetany Active 

Stage Tetany 
Total nitrogen metabolism. . Normal Increased 
Urinary ammonia.............. Normal Increased 
Blood ammonia................ Normal Increased 
Urinary creatinine............. Normal Increased 
Urinary creatine............... Normal Increased 


Decreased Increased 
Decreased 


Urinary phosphates............ 
Blood phosphorus.............. 
Urinary sulphates and neutral 


SUIPRUT.... 0066s scsese ceca. DORR Increased 
Urinary rest nitrogen........... Normal Increased 
Urinary toxic bases............ «s....0.. Present 
Urinary lactic acid.. .. ..... Absent Present 
Blood lactic acid.............. Absent Present 


Urinary Ca and Mg.... 
Blood calcium........ 


Increased Increased 
Decreased 


experimental facts. Briefly stated, tetany is 
due to a withdrawal of soluble and physiolog- 
ically available calcium salts from the blood 
and especially the nervous system. This 
being followed by an increase in the irritability 
of the nerves and secondarily the skeletal 
muscles. 

Tetany is but one expression of the reaction 
of the body to the complete removal of the 
parathyroid gland. It is quite probable that 
the gland has other functions besides its in- 
fluence on calcium metabolism. Further 
studies especially of the period immediately 
following parathyroidectomy and preceding 
active tetany should be undertaken in order 
to throw more light on this problem. 


TREATMENT OF TETANY 

Three methods of treatment of tetany are 
at present available. 

1. Calcium therapy. Intravenous _injec- 
tions of 4 to 5 per cent calcium lactate or 
chloride almost instantly remove the hyper- 
excitability of the nervous system, the muscu- 
lar twitchings, the tachycardia, and the 
tachypnoea, and the animal is greatly relieved 
of pain. Oral administration of calcium 
salts is of doubtful value. Intramuscular and 
subcutaneous injections are followed by in- 
tense local irritation and are, therefore, 
contra-indicated. The intravenous injection 
should be slow and continued until the de- 
sired effect is produced, which will require 
different amounts of calcium in each case. 

The same holds true for the treatment of 
tetany in the human. The beneficial effect 
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of this treatment usually lasts for 24 hours or 
longer when symptoms of excitation begin to 
reappear. The life of the animals cannot be 
saved by the continued calcium administra- 
tion and the animal usually dies with evident 
symptoms of cachexia and depression. The 
calcium treatment is, however, of value in the 
control of acute and temporary tetany. 

2. Treatment with parathyroid extract. 
Vassale, MacCallum, Beebe, and others have 
observed that the injection of the fresh ex- 
tract of the fresh parathyroid (preferably from 
cattle) is followed by a temporary relief of the 
animal from tetany. Feeding the gland has 
no influence on tetany. 

Beebe claims that the active substance is 
precipitated with the nucleoprotein of the 
gland. This treatment is naturally trouble- 
some, as the necessary material is not always 
easily available. 

3. Transplantation of parathyroid. Halsted 
has shown conclusively that autotransplanta- 
tion of the parathyroid gland is feasible pro- 
vided that there is in the subject a demand 
for such tissue (partial or complete insuf- 
ficiency). The gland can be implanted into 
the abdominal muscles and begins to func- 
tion normally within a short time. Accord- 
ing to Halsted isotransplantations are never 
successful, as the transplanted glands are 
absorbed. Other authors, however, claim 
to have succeeded in transplanting para- 
thyroids from one individual to another. 


TETANY DURING PREGNANCY AND LACTATION 


In rare cases tetany has been observed 
in the human during pregnancy and lactation. 
According to Seitz tetany is usually confined 
to pregnancy, about go per cent of the cases 
occurring during pregnancy and only to per 
cent during lactation. Experimentally this 
subject has been approached by a number of 
investigators. As early as 1898 Vassale and 
Generali reported tetany during the first 
days of lactation in a bitch 18 months after 
extirpation of three parathyroids. The ani- 
mal was to all outward appearance normal 
after the operation, but developed a most 
severe attack of tetany a few days after she 
had given birth to her young. The experi- 
ments of Thaler and Adler are of especial 
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interest in this connection. They succeeded 
in producing tetany in rats during pregnancy 
by partial parathyroidectomy. However, 
tetany was never observed in these animals 
during lactation. Successive pregnancies al- 
ways caused the reappearance of tetany, so 
that we may regard this condition as an ex- 
ample of latent tetany. 

Gross observed tetany in a pregnant cat 
after extirpation of three parathyroids. The 
animal appeared to be normal for 25 days 
after the operation, when suddenly tetany 
set in. Twelve days later the cat gave 
birth to three young and the symptoms dis- 
appeared. 

Similar observations were made by Erd- 
heim, Fromme, and others. Thierry and 
Knoll, at the suggestion of Seitz, studied the 
response to galvanic stimulation in pregnant 
women and found high values in 80 per cent 
of their cases (120). The nerve irritability 
seemed to increase as pregnancy advanced 
and reached its highest point at the time of 
delivery. Then normal irritability was soon 
re-established. Similar observations on ani- 
mals are lacking, although it would be of 
interest to ascertain the changes in nervous 
irritability during reproduction in partially 
parathyroidectomized animals. Fromme was 
able to show that the injection of extracts of 
placenta into partially parathyroidectomized 
animals caused tetany. This does not neces- 
sarily mean that the placenta is the etiologic 
factor in tetany during pregnancy, as Rudin- 
ger was able to elicit tetany in partially para- 
thyroidectomized rats by the injection of 
tuberculin, morphine, atropine, and other 
substances. 

Whether or not calcium has any relation 
to tetany in pregnancy is difficult to decide. 
The daily calcium requirement of the foetus 
is relatively small in comparison to that con- 
tained in the average mixed diet. It might, 
however, be conceivable that when the cal- 
cium intake with the food is relatively low a 
deficiency of calcium in the tissues and blood 
might follow which might be aggravated by 
an existing parathyroid insufficiency. The 
same would hold true for tetany during lacta- 
tion. We are forced to look upon pregnancy 
as a condition which puts an extra strain on 
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the physiological processes of the body. 
Under these circumstances it is rather sur- 
prising that tetany is not a more frequent 
occurrence during pregnancy in the human. 
Diseases such as beriberi and pellagra are 
especially common during the period immedi- 
ately preceding and following childbirth. 
Incidentally it may be stated that pregnancy 
is not associated with any morphological 
changes in the parathyroid gland. 

The experimental data seem to point to the 
fact that interruption of pregnancy and lac- 
tation soon removes the symptoms of tetany. 
fETANY IN OFFSPRING OF PARATHYROIDEC- 
TOMIZED MOTHERS 

Iselin made the interesting observation 
that rats born of partially parathyroidec- 
tomized mothers exhibited an abnormally 
high electrical irritability. | Furthermore 
these animals seem to be especially suscep- 
tible to the effects of parathyroidectomy, 
inasmuch as they died 4 to 10 hours after such 
an operation, with most intense symptoms of 
tetany. 

ECLAMPSIA AND THE 

Vassale on the basis of his experiments with 
parathyroidectomized animals advanced the 
theory that eclampsia is tetany modified to 
some extent by pregnancy. According to 
Vassale, eclampsia is due to a hypoparathy- 
roidism. However, it should be emphasized 
that the clinical pictures of tetany and 
eclampsia differ in so many essentials that 
this hypothesis does not seem to be reason- 
able. Furthermore, it was shown by Seitz 
that the increased irritability of the peripheral 
nerves to galvanic stimulation, a typical and 
constant symptom of tetany, is not constantly 
present in eclampsia. 


PARATHYROID 


SUMMARY 

1. The parathyroid gland has a definite 
physiological function which is still incom- 
pletely understood. 

2. The presence of a minimum of parathy- 
roid tissue in the body is essential for life and 
the continuation of normal metabolism. 

3. Parathyroid insufficiency seems to be 
characterized by an increased irritability of 
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the nervous system to the galvanic current, 
which may be due to the withdrawal of soluble 
calcium salts from the blood and_ tissues. 
Parathyroid insufficiency leads to an alkalosis 
which is converted into an acidosis as a result 
of active tetany. Definite metabolic changes 
take place in animals after complete para- 
thyroidectomy. 

4. Pregnancy puts an extra strain on the 
functions of the parathyroid, as evidenced by 
the appearance of tetany during this period in 
partially parathyroidectomized animals. 

5. Tetany has been observed during lacta- 
tion in animals with parathyroid insufficiency. 
Interruption of lactation was followed by 
recovery. 

6. The offspring of partially parathyroid- 
ectomized animals exhibit a marked increase 
in nerve irritability. 

7. An intravenous injection of soluble 
calcium or strontium salts or hydrochloric 
acid almost instantly removes the symptoms 
of tetany. However, tetany may reappear 
after this treatment and the life of such ani- 
mals cannot be saved by the continued ad- 
ministration of calcium. The injection of 
parathyroid extract seems to have a tempo- 
rary curative effect on tetany animals. 

Isotransplantation of parathyroids 
animals with parathyroid 
usually successful. 

The spontaneous recovery from tetany in 
experimental animals is probably due to 
changes in their metabolism (acidosis) caused 
by the hyperactivity of the skeletal muscles 
during tetany. 

8. The experimental facts do not support 
the theory that eclampsia is due to hypopara- 
thyroidism. 

9g. A condition which might justly be 
termed hyperparathyroidism is unknown at 
the present time. 


into 
insufficiency is 
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THE PINEAL GLAND 


THE INFLUENCE OF THE PINEAL GLAND UPON GROWTH AND DIFFERENTIATION WITH PARTICU- 
LAR REFERENCE TO ITS INFLUENCE UPON PRENATAL DEVELOPMENT 


By CAREY PRATT McCORD, M.D., Detroit, MICHIGAN 


I. INTRODUCTION. A CURSORY REVIEW OF 
RECENT WORK PERTINENT TO PINEAL 
FUNCTIONING 

r A\HE evidences that link the pineal body 

with a glandular function are much 

less definite than for such glandular 

organs as the thyroid, hypophysis, 
ovary, and the suprarenals. Doubt is fre- 
quently expressed that the pineal body is 
more than a functionless vestige of what was 
once, in earlier evolutional stages, a function- 
ing eye. Other observations have led to the 
contention that the pineal, through metamor- 
phosis, has become a highly specialized tissue 
that serves the body in a manner comparable 
with the major members of the endocrinous 
system. 

The purpose of the present paper is to 
group the essential findings from the recent 
literature into a concise, unbiased résumé. 
adequately expressing the status of the pineal 
body as a functioning organ. To this are 
added the writer’s more recent observations 
upon the growth of young animals under the 
influence of pineal materials. 

Anatomy and embryology. The pineal body 
(pineal gland, epiphysis, conarium) is situated 
in the brain just beneath the splenium of the 
corpus callosum (Fig. 1). It lies suspended 
between the anterior quadrigeminate bodies. 
The gland is consequently just above the 


Sylvian aqueduct. The internal cerebral 
veins lie above and partially encircle the pi- 
neal. In the human the pineal is nearly tri- 
lateral in shape, in sheep is round, in cattle 
is oval. The average weight in cattle is 0.2 
grams and in sheep o.13 grams. Primarily 
the pineal is developed as a thin ependymal 
diverticulum from the diencephalon, extending 
between the posterior and habenular com- 
missures. At a later stage this diverticulum 
thickens and encloses some of the adjacent 
vascular mesoderm to form the mature organ 
(Streeter). 

In those publications cited in the bibliog- 
raphy as pertinent to the anatomy, embry- 
ology, and histology of the pineal, the studies 
have, for the most part, been prosecuted 
toward establishing (1) the presence of glan- 
dular tissue; (2) the presence of contractile 
tissue supporting the view that the gland is a 
valve regulating the flow of cerebrospinal 
fluid; (3) nerve-fiber communication between 
this gland and other parts of the brain; (4) evi- 
dence of involution changes in the gland in- 
dicating a cessation of function. 

These publications may be summarized 
as indicating: (1) Complete cytologic studies 
in several species allow the inference that the 
pineal body is glandular in nature. . The 
glandular elements, however, are few and illy 
defined. (2) The occasionally demonstrated 
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Fig. 1. Sagittal section of beef brain, showing size, 
position, and relation of pineal gland. 


muscle fibers in the pineal are without sig- 
nificance to pineal function. (3) Nerve 
fibers and neurolgia are to be found at least 
in certain animals, but these are probably 
of trivial import. (4) The gland undergoes 
involution changes, beginning in the human 
as early as the seventh year. Involution is 
pronounced at puberty. The degeneration 
is, however, not complete and the histologic 
picture of the adult gland is not such as to 
remove the possibility of a continued func- 
tion in adult life. 

Pineal neoplasms and resulting functional 
disturbances. Tumors of the pineal are not of 
frequent occurrence. The total number of 
authentic cases, with subsequent necropsy 
findings in some, is not more than 7o. These 
cases have been the source of the greatest 
information as to the functions of the pineal. 
In 1898, Heubner described a boy of 4% years 
who showed a precocious sexual and somatic 
growth. The body of this boy was that of a 
boy of 8 or g years. The genitalia corres- 
ponded to the proportions found at puberty. 
The pubic hair was 1 centimeter long. A 
year later at autopsy a teratoma of the pineal 
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Fig. 2. A comparison of the effect on surviving guinea 
pig uterus of pituitary and pineal gland extracts. The 
height of contraction from the pineal extract administered 
at b is trivial in comparison with the contraction at a in- 
duced by the much smaller quantity of pituitary extract. 
Time in minutes. 


was demonstrated. By 1907, Marburg was 
able to collect 40 histories of such types. He 
sought to establish a clinical entity for pineal 
dysfunction. The term “macrogenito-somia 
precox’’ has subsequently designated this 
condition. In a more recent paper, Marburg 
attributes to the condition the following 
characteristics: 

1. General. These include all the usual 

signs of intracranial pressure, usually second- 
ary to a subsequent internal hydrocephalus. 
2. Neighborhood. These for the most part 
are dependent upon encroachment upon the 
quadrigeminate bodies, leading to diverse ocu- 
lomotor paralyses and pupillary disturbances, 
and encroachment upon the cerebellum, with 
ataxic manifestations. 

3. Constitutional. Under this designation 
are grouped the manifestations attributable 
to the derangement of the pineal glandular 
function. This constitutional syndrome con- 
sists of first, early sexual maturity, evidenced 
in the enlarged sex organs, pubic hair, general 
body hair, early change in voice; second, 
precocious mental development, evidenced in 
the maturity of thought and speech; third, 
general body overgrowth to the extent that 
a child of 5 or 6 years may have the appear- 
ance of a child 11 or 12. 

Frankl-Hochwart similarly has summed up 
the characteristics of this pathologic state. 
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Fig. 3. 
right, pineal fed. 


He states: ‘‘When one finds in a very young 
individual, along with the general symptoms 
of tumor as well as the signs of a lesion of the 
corpora quadrigemina, abnormal body growth, 
unusual growth of hair, adiposity, somnolence, 
premature genital and sexual development, 
and finally intellectual maturity, one must 
think of pineal tumor.” 

Of the 70 cases at the present time available 
in the literature only 25 occurred prior to 
puberty. Because of the pineal involution 
that occurs by the time of puberty, only in 
these 25 cases are constitutional manifesta- 
tions to be anticipated. It is significant that 
with two exceptions all cases occurred in 
boys. 

Many cases of pineal tumors before puberty 
manifest none of the signs of precocity of 
development that are so striking in a few 
selected cases. A study of the clinical 
material reveals how little consideration has 
been given to the possibility of pluriglandular 
involvement; in fact, in some early cases the 
necropsy demonstration of a pineal tumor led 
to the association of all prior metabolic 
changes to pineal functional perversion. This 
grew out of the prevalent conception of each 
endocrine gland as an entity entering into no 
interrelations with other similar organs. 


Results of feeding pineal gland to young guinea pigs of the same age. 


Animals to left, controls. Animals to 


Judging these cases in the light of recent 
advances in pituitary pathology and_ phy- 
siology, it is difficult to delineate the mani- 
festations of pure pineal derangement from a 
pluriglandular condition. Cushing has point- 
ed out that from the intracranial alterations 
attending pineal neoplasms, the hypophyseal 
functions are readily deflected from the nor- 
mal. 

This infrequent condition in which growth 
and differentiation into the adult is so de- 
viated from the normal that very young 
children acquire in part the sexual, mental, 
and somatic characteristics of maturity, has 
naturally led to diverse attempts to induce 
such a condition experimentally. Through 
the extirpation of the pineal, through the 
feeding of pineal substances to young ani- 
mals, through the intravenous and subcuta- 
neous administrations of pineal extracts, has 
information been sought as to the significance 
of this organ in the body’s economy. The 
outcome of such investigations are described 
in subsequent paragraphs. 

Extirpation of the pineal gland. Situated 
near the center of the brain, the inaccessi- 
bility of the pineal has prevented any wide- 
spread use of this method. The trauma is 
necessarily severe and until the recent reports 
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Fig. 4. A diagram showing the modified division rates of paramoecia (starting with 
a single parameecium). P,0.05 per cent pineal extract in hay infusion. M, 0.05 per 
cent muscle extract in hay infusion. C, hay infusion alone. Diagram represents 


the average of thirty-six observations. 


by Dandy (1915) and Horrax (1916) the 
mortality has been very high—75 deaths out 
of 95 operations in one series, and 12 deaths 
out of 15 operations in another. With so 
high a mortality it may be questioned whether 
the few survivors would exhibit constant 
changes referable to pineal deprivation. The 
mortality is usually due to hemorrhage into 
the ventricle from injury to the central 
cerebral veins, or to direct injury to the quad- 
rigeminate bodies or adjacent brain tissues. 
Dandy has recently developed an operative 
procedure whereby much of the trauma is 
obviated. The essential innovation lies in 
an approach through section of the splenium 
of the corpus callosum, thus permitting freer 
manipulations in the operating field. Al- 
though the mortality may thus be reduced, 
the results obtained by Dandy, on comparison 
with those obtained more recently by Horrax, 
are uniformly dissimilar. The respective 
summaries of these two investigators quoted 
below indicate how incomplete are our 
available data bearing upon extirpation as a 
method of approach to the problems of pineal 
function. Dandy states: 

1. Following the removal of the pineal I have observed, 
no sexual precocity or indolence, no adiposity or emacia- 
tion no somatic or mental precocity or retardation. 


2. Our experiments seem to yield nothing to sustain the 
view that the pineal gland has any active endocrine func- 
tion of importance either in the very young or adult dogs. 

3. The pineal is apparently not essential to life and 
seems to have no influence upon the animal’s well being. 


These negative findings are in keeping with 
the earlier work of Exnerand Boese, and Biedl. 
Subsequent to Dandy’s publication an ex- 
tended report has been made by Horrax, 
whose positive findings are in keeping with 
those of Foa and Sarteschi. Horrax states: 


1. Total experimental pinealectomy is possible in guinea 
pigs and rats. 

2. Pinealectomized male guinea pigs show a hastened 
development of the sexual organs, manifested before 
maturity by a relative increase in size and weight, both of 
the testes and seminal vesicles, over control pigs of the 
same litter. 

3. Histologically, the testes and seminal vesicles of 
these animals, if taken before the age of sexual maturity, 
show a more advanced physiological state than their con- 
trols. 

4. The pinealectomized females appear to show a ten- 
dency to breed earlier than controls of the same age and 
weight. 

5. For several reasons, young rats are likely to prove 
better subjects for experimental pinealectomy than young 
guinea pigs, and some evidence of hastened maturity has 
been obtained in this species. 


Immediate results following the intravenous 
or subcutaneous administration of pineal ex- 


tracts. Unlike the intense cardiovascular 
action of suprarenal extracts, or the uterine 
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A comparison of two groups of toad tadpoles 
taken from the same lot, photographed simultaneously 


Fig. 5. 


after two weeks of laboratory feeding. Group below fed 
small amounts of desiccated pineal gland ttiweekly. 
Group above fed equivalent amounts of desiccated muscle 
tissue. 


contracting action of pituitary extracts, the 
immediate results from intravenous or hypo- 
dermic injections of pineal extracts are not 
pronounced. Such phenomena as decrease 
in arterial tension, dilatation of the blood- 
vessels, altered amplitude and rate of the 
heart beat, diuresis, glycosuria, and uterine 
contractions have been reported and confirm- 
ed. Under experimental conditions the con- 
traction produced in the uterus by 1 cubic 
centimeter of 20 per cent pineal extract is 
much less intense than the contraction pro- 
duced by 1/200 cubic centimeters of 20 per 
cent pituitary extract (Fig. 2). The intensity 
of these several activities is so slight that at 
the present time only technical importance 
may be attached to these findings. 

Feeding experiments with pineal glands. 
The syndrome of precocious development seen 
in the human is usually interpreted as the 
outgrowth of pineal deficiency i 
ism. Such being the case, if the feeding of 
pineal materials determined any changes, a 
state just opposite that cited above would be 
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anticipated 
mental, and somatic maturity. Curious to 
record, feeding experiments lead to rapid sex: 
ual and somatic development. 


Dana and Berkeley fed pineal materials to young ani 
mals (kittens, rabbits, guinea pigs), and noted a 25 per 
cent excess in weight over controls. These investigators 
sought to determine the extent of stimulating influence up 
on children of low mentality. Fifty feeble minded children 
were treated and suitably controlled with other children 
of the same age and diagnosis. Binet tests were the criteria 
of mental advancement. No physical changes resulted, 
but, on prolonged treatment, the mental development was 
greater than that prior to treatment and in excess of control 
children of the same mental age. These studies on feeble 
minded children afford certain technical evidences of 
value but the quantity of improvement resulting is not 
sufficient to warrant any widespread use of pineal materials 
as a profitable treatment of feeble mindedness. 

Hoskins (1916) in feeding experiments upon albino rats, 
studied the influence upon the growth of the various duct- 
less glands including thyroid, thymus, hypophysis, and 
pineal. His results would indicate that none of these glands 
have any constant effect upon the growth-rate of young 
rats. 

McCord (1914, 1915) employed 400 young animals 
(chickens, guinea pigs, dogs) in experiments to establish 
the extent of influence the pineal exerts upon growth and 
development. He concludes from his experiments that 
the same precocity of development usually attributed to 
pineal deficiency (hypopinealism) was obtained in animals 
by supplying an increased amount of pineal substance by 
feeding or injecting pineal preparations. Such adminis- 
tration of pineal substances led to a more rapid growth of 
body than normal, and determined an early sexual matur- 
ity. The excess in rate of growth was most pronounced 
(40.9 per cent excess in eleven weeks) in young animals fed 
with pineal tissue obtained from young animals. No 
tendency to gigantism has followed pineal administration. 
After maximum size was attained, pineal administration 
appeared to be ineffective. Both males and females 
respond to the influence of pineal substances in rate of 
growth, but the reponse has been more definitely mani- 
fested in males. 


II. THE INFLUENCE OF THE PINEAL GLAND UPON 
GROWTHAND DIFFERENTIATION. ARECORD 
OF EXPERIMENTS UPON POSTNATAL AND 
EMBRYONIC GROWTH-DIFFERENTIATION 
PROCESSES 


In the developmental processes inaugurated 
at conception two distinct phases are to be 
observed—growth and differentiation. In 
intra-uterine life differentiation into specific 
organs and tissues is the essential process. In 
pre-adult life, growth processes are dominant. 
At puberty differentiation again asserts its 
influence. In adult years both these develop- 
mental processes are less in evidence, a con- 
dition we commonly designate as maturity. 

These two phases of development are neces- 
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sarily intricately interrelated, but within cer- 
tain limitations may be separately altered. 
Traces of thyroid tissue added to the water 
in which tadpoles live will bring about the 
complete transformation of the tadpole into 
a miniature frog within one week, whereas 
normally this metamorphosis consumes from 
4 to 6 months (Gudernatsch). _ This phenom- 
enon is due to the intense differentiative 
action of the thyroid. Similarly thymus 
tissue retards differentiation of tadpoles. At 
the period of development wherein normally 
tadpoles begin to differentiate, thymus fed 
tadpoles continue to grow larger without 
differentiation. Manifestly both these fac- 
tors in development are ultimately dependent 
upon the quantity or quality of cell activity. 

In our earlier records of the influence ex- 
erted by the pineal upon development we 
employed young animals and chicks. Va- 
riations were introduced to reduce the possi- 
bility of incidental error in dosage, in method 
of administration, in source of materials, in 
age of the test animals. With the exception 
of two series we have uniformly found 
that young animals who had been fed (or 
injected) pineal materials have outgrown 
their controls of the same age (Fig. 3). In 
one series the difference was 40 per cent at 
11 weeks of age. No tendency to gigantism 
was observed. As the normal adult size 
was approached the stimulative action of the 
pineal was no longer effective. The testes of 
certain of these rapidly developed guinea- 
pigs were examined in comparison with con- 
trols. Grossly the testes from pineal fed 
animals were 50 per cent larger. Micro- 
scopically the cellular elements were far in 
advance of controls and were characterized 
by very active spermatogenesis. The fe- 
males gave birth to young when the controls 
were in the middle third of their gestation. 
At first it was thought this might be evidence 
of a shortened gestation period, but more 
carefully scrutinized experiments determined 
that this was the outcome of earlier breeding, 
due to an earlier maturity. 

At all times this type of feeding experiment 
is open to the error that normally such ani- 
mals exhibit very appreciable individual 
variations. We have anticipated that less 
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Fig. 6. Drawings made at weekly intervals indicating 
the rate of metamorphosis of Bufo Americana tadpoles 
fed pineal tissue in comparison with normal metamorpho- 
sis. a to e Inclusive, controls; f to j, pineal fed. The 
small figures to the right of a, b, f, and g represent stages in 
the development of the hind legs for these respective tad- 
poles. 


complex life forms that show scant individual 
variations, even in large numbers, would afford 
acceptable data as to any action that pineal 
extracts might have on their growth differen- 
tiation processes. For the purpose, we select- 
ed (1) paramoecia (paramoecium caudatum), 
a unicellular organism that through trans- 
verse fission may divide into many generations 
in a single day, (2) tadpoles of frogs and toads. 
This larval form of the frog and toad corres- 
ponds in many respects to embryonic, intra- 
uterine life in higher animal life. 

Paramecium experiments. Cultures were maintained in 
the laboratory, growing on hay infusions. These organisms 
are about % millimeter in lengthand may be readily count- 
ed with the naked eye. Through transverse splitting repro- 
duction is accomplished. Under standardized conditions 
the rate of divisions is relatively constant. It will be 
argued that in the event of constant exceptional variations 
in the number of generations formed when pineal mate- 
rials were added to the culture medium and not occurring 
when other similar protein materials were introduced, 


that the phenomenon is attributable to pineal activity. 
The following procedures were employed. A single para- 
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moecium was isolated until the reproduction of the third 
generation. These resulting four individuals were separat- 
ed and placed in different media; (a) one in hay infusion, (b) 
one in a hay infusion extract of desiccated pineal gland, 
0.05 per cent strength, (c) one in a hay infusion extract of 
desiccated muscle of equal strength as a control material, 
(d) the fourth one was a variable control. These cultures 
were maintained in a moist chamber for a fixed period 
(48 or 24 hours). At the expiration of that time the several 
cultures were examined as to the numbers of reproductions. 
Almost invariably the divisions were more numerous 
in the pineal culture. For example, in one 48-hour 
experiment 12 individuals resulted from the plain hay in- 
fusion, 30 individuals from the hay infusion pineal extract 
0.05 per cent and tro individuals from the hay infusion 
muscle extract 0.05 per cent. The results from 31 con- 
secutive experiments are grouped in Table I. 


TABLE I.—-RECORDS OF DIVISIONS OF PARAMCECIA 
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The inference is, that pineal materials, when added to 
the culture medium of the unicellular organism, para- 
moecium, determine a more rapid rate of reproduction 
(Fig. 4). 

Tad pole experiments. The time of appearance of the 
successive stages in the differentiation of tadpoles into 
frogs is an excellent criterion of the influence of any varia- 
tion in the living conditions of these animals. For the 
individuals of a single laying, fairly constant is the occur- 
rence of such stages as the budding of the hind legs with 
the subsequent formation of the different portions of the 
hind legs, the closing of the gills, the extrusion of the fore- 
legs, the assumption of terrestrial life. Such are the phe- 
nomena we sought to influence by the introduction of pineal 
gland materials into the living water of the tadpoles. 

About 50,000 frog eggs were procured and hatched in 
the laboratory. These were divided into colonies of about 
200 each. In most cases these colonies were from the 
same laying. With so abundant materials, it was possible 
to introduce wide variations in test materials and controls. 
The pineal glands were fractionated into various compon- 
ents and tested against controls such as other endocrine 
glands, split proteins, histamine, lipoids, etc. Through 


photography and actual measurements the variations 
were recorded. 

The present paper can make but most 
casual reference to the accumulated results. 
The photograph and drawings will serve to 
indicate the trend of results (Fig. 5). (Type 
photograph—adjacent trays of pineal fed 
and muscle fed tadpoles of the same laying.) 
At this stage the pineal fed. while about double 
the size of the controls, show no tendency to 
differentiation. Ultimately, however,  dif- 
ferentiation is earlier, as may be observed in 
the drawing of Fig. 6. 

It is our belief that the pineal gland con- 
tains some substance capable of stimulating 
growth and ultimately differentiation in these 
larval forms. 


GENERAL SUMMARY 

From the lack of unanimity in the literature 
any conclusions as to the details of pineal 
gland function must be made flexible rather 
than dogmatic. A survey of available data 
leads to the following summary as represent- 
ing the present status of the pineal as an 
organ of internal secretion. 

1. A clinical syndrome is to be associated 
with disturbances of the functions of the 
pineal gland. Because of the involution of 
the pineal at puberty, the constitutional 
manifestations of pineal pathology appear to 
be confined to prepuberal years. The essen- 
tial characteristics (apart from pressure and 
neighborhood manifestations) are (a) early 
sexual development evidenced in the enlarged 
genitalia, pubic hair, general body hair, 
sarly change in voice; (b) precocious mental 
development, manifested in maturity of 
thought and speech; (c) general overgrowth 
of body to the extent that a child of 6 or 7 
years may have the appearance of a child 
near puberty. 

2. The experimental extirpation of the 
pineal gland is surgically possible. The 
gland is not essential for the maintenance of 
life. The early symptoms following pinealec- 
tomy are attributable to the severe brain 
injury. No changes attend the removal of 
the gland in adult animals. As to the effects 
of pinealectomy in young animals, Sarteschi, 
Foa, and Horrax respectively state that the 
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removal of the gland leads to precocity of 
development. Exner and Boese, and Dandy 
report no changes after pinealectomy. 

3. The administration of pineal substance 
to young mammals is reported to hasten 
growth and sexual maturity. In unicellular 
organisms (paramoecia) pineal extracts in- 
crease the rate of reproduction to more than 
double that of controls. In larval forms 
(ranide) both growth and differentiation are 
hastened as a result of pineal feeding. 

4. The inference is allowable that the 
pineal gland is an organ of internal secretion 
whose functions, however, are of minor sig- 
nificance in the general activities of the en- 
docrinous system. 
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THE RELATION OF THE PARATHYROID SYSTEM TO THE FEMALE GENI- 
TAL APPARATUS! 


By EUGENE H. POOL, M.D., New Yorxk 


HE parathyroid glands were first de- 
scribed in 1880 by Sandstroem, but no 
physiological significance was at- 
tached to these bodies until 1891, when 

Gley demonstrated their relationship to tet- 
any. From that time extensive experi- 
mental and anatomical studies have been 
carried on, and it has been shown that the 
parathyroids are specific organs with internal 
secretion. 

The paramount interest in the parathyroids 
has been dependent upon the occurrence of 
tetany as the result of the removal of these 
bodies in goiter operations. However, the 
technique of partial thyroidectomy as now 
practiced is so planned as to safeguard the 
parathyroids; consequently tetany is a rare 
sequel to the operation. 


ANATOMY 

The parathyroid glandules (Sandstroem) 
or ‘epithelial bodies” (Kohn) are branchial 
cleft derivatives. They develop from the 
third and fourth branchial clefts of each 
side as masses of compact epithelial cells. 
The glands are arranged in pairs, a superior 
and an inferior body being present on each 
side. They lie close to the posterior surface 
of the thyroid, in the majority of instances 
external to the surgical capsule. The bodies 
vary in size from about 3 to 15 millimeters 
(Figs. 1, 2, 3). 

The blood supply of the parathyroids is 
derived for the most part from the inferior 


thyroid artery. After ligation of this vessel, 
the parathyroids of the same side may be 
supplied with blood from the superior thyroid 
artery, and after ligation of the superior and 
inferior thyroid arteries of one side, the para- 
thyroids of that side may be supplied, through 
anastomoses, by the vessels of the opposite 
side, as well as by the pharyngeal, cesophageal, 
and tracheal vessels. 

Nerve-fibers, presumably from the sym- 
pathetic, have been demonstrated by Rhinehart 
in close relationship with the vessels of the 
parathyroids. Since he found no fibers within 
the parenchyma, he assumed that these were 
vasomotor and not secretory nerves. 

Accessory organs, that is, small supernu- 
merary glandules, have been found not infre- 
quently in various positions in the neck, but 
especially below the thyroid, within the 
thymus, and even within the thyroid. 


PHYSIOLOGY 

That there is a correlation between the 
functions of the various glands of internal 
secretion is now generally believed; but in 
what manner and to what extent the para- 
thyroid bodies affect and are affected by the 
thymus, thyroid, pituitary, adrenals and pan- 
creas is hypothetical. The immediate ob- 
ject of this paper is the question of possible 
interaction between the parathyroids and the 
generative organs. The consideration of this 
feature will be deferred. 

The function of the parathyroids is un- 


1 Parts of this article are abstracted from articles by the author which have appeared in the International Abstract of Surgery, May, 191s, p. 495, 
and Annals of Surgery, 1907, xlvi, 507. 





j 


| 
| 


ee 


DAES feat ae eae 


, 











prmrrres 





POOL: 





known; hypotheses as to their physiology 
are for the most part founded upon the re- 
lationship of the parathyroids to tetany. 
A vast amount of experimental work has been 
done in this connection; the results indicate 
that complete removal of parathyroid tissue 
results in fatal tetany. 

After partial removal of the epithelial bodies 
relative insufficiency of the parathyroid 
function — latent tetany — may occur. Un- 
der such conditions tetanic attacks may be 
precipitated in an apparently healthy animal 
by circumstances favorable to its develop- 
ment, such as pregnancy and lactation. This 
feature is important in the consideration of 
the correlation between the parathyroids 
and the generative organs. It will, therefore, 
be elaborated later. 

Certain extraneous influences also affect 
the development of tetany. Thus, a meat 
diet or a cold environment appear to intensify 
the manifestations of tetany. 

The pathogenesis of tetany. ‘The hypothesis 
has been advanced by MacCallum, From- 
mer, Lundborg, Vassale, Pineles, and others 
that the parathyroids have an antitoxic ac- 
tion, the suppression of which results in the 
tetany reaction. By this hypothesis tetany 
parathyreopriva would be explained as an 
auto-intoxication, and one, perhaps the chief, 
function of the parathyroids would be the 
prevention of the action of certain toxic sub- 
stances regularly present in the circulation. 

MacCallum inclines to the belief that tet- 
any is closely dependent upon a disturbance 
of the calcium content of the blood. He 
states that direct analysis of the blood of 
an animal in tetany shows it to be very poor 
in calcium. However, Cooke and others have 
questioned the importance of the calcium de- 
crease in tetany. 

As a result of the fact that in tetany para- 
thyreopriva bases seem to be eliminated more 
freely and stored in less amount than under 
normal conditions,- the hypothesis has been 
advanced that the condition is an evidence of 
acidosis (Morel, Musser). Experimental 
work which is now in progress convinces me 
that acidosis in tetany is absent .or not 
striking. 

No constant lesions have been demonstrated 

















































PARATHYROID SYSTEM AND GENITAL APPARATUS 261 


in the nervous system in tetany, although 
much work has been done upon this phase of 
the subject. 

Relation of the parathyroids to tetany in man, 
That tetany following goiter operations is 
usually due to the removal of the parathyroid 
glandules has been proved by a long series of 
careful experiments upon animals, as_ well 
as by significant findings of Erdheim, Pineles, 
and others in man. However, occasionally 
tetany has occurred after comparatively 
slight interference with the thyroid; such as 
enucleations, the removal of one lateral lobe 
and vascular ligations (Iversen). That a 
light tetany can develop when the four 
arteries are ligated is readily understood; 
but the fact that tetany occurs only rarely as 
a result of this procedure is surprising 
(Iversen). 

How many parathyroids can _ support 
health with no evidence of parathyroid de- 
ficiency cannot be positively stated, but the 
best evidence indicates that two parathyroids 
are essential and sufficient. 

It follows from an analysis of the reported 
cases that the occurrence, intensity, and 
course of postoperative tetany in man are 
dependent upon the amount and functional 
usefulness of the parathyroid tissue that is 
left (Guleke). 

SYMPTOMS 

The symptom-complex of tetany was 
first described by Steinheim in 1830 and the 
name ‘‘tetany”’’ was subsequently suggested 
by Corvisart. Since then the same clinical 
picture has been repeatedly noted in associa- 
tion with various conditions of widely differ- 
ent character. For example, it has been seen 
to occur with severe gastro-intestinal affec- 
tions, especially dilatation of the stomach, 
with pregnancy and the puerperal state, with 
some acute fevers, with various nervous dis- 
eases and after removal of the thyroid gland. 
The cause of its occurrence in most of these 
conditions is not understood; but, as a sequel 
to thyroid operations, tetany has been shown 
to depend upon deficiency of functionating 
parathyroid tissue, and in consequence has 
been designated by Erdheim “tetania para- 
thyreopriva.”” The clinical manifestations 
of this type of tetany are the best understood 
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and must be taken as the standard. We will, 
therefore, outline them briefly. 

Tetania, or tetany parathyreopriva is 
characterized by certain very striking symp- 
toms which render it practically unmistakable. 
The most conspicuous of these are inter- 
mittent tonic spasms of the voluntary mus- 
cles, those of the extremities being most 
affected. A salient feature is the exclusive 
involvement of the flexor groups of muscles. 
Intercurrent contractures of the facial mus- 
cles are relatively rare, and the muscles of 
the chest, back, and abdomen participate in 
exceptional cases only. The tetanic spasms 
are usually preceded by certain prodromata 
which persist for a variable period before the 
onset of the attack. These include headache, 
sensations of weakness or prostration, more 
or less rigidity of the limbs, radiating pains, 
and clonic twitchings. The contractions 
usually begin in the hands, and subsequently 
involve the feet; less often the feet are affected 
coincidentally or independently. The 
spasms are almost always, although not in- 
variably, symmetrical and bilateral. As a 
rule, two or more of the fingers are flexed and 
the thumbs are forcibly adducted, sometimes 
tightly clasped by the contracting digits. 
The most characteristic contraction has been 
designated “‘accoucheur’s hand” (Trousseau). 
(Fig. 5, Fig. 7.) In 50 per cent of the cases 
the wrist also becomes flexed, while flexion 
of the forearm with adduction of the arm to 
the trunk occurs infrequently. Exceptionally 
the fingers are held wide apart, the terminal 
phalanges alone being flexed. The feet, 
when involved, take the position of pes 
equinus or equinovarus, as a result of con- 
traction of the muscles of the calf. In the 
contractions of tetany the affected muscles 
become very hard to the touch and oppose a 
powerful resistance to attempts at passive 
relaxation. Should this prove successful the 
tetanic attitude is at once resumed when the 
traction diminishes. Fibrillary twitchings 
are sometimes visible in the contracted mus- 
cles. 

The onset of an attack is as a rule about one 
to three days after the operation, but this 
period may be less; in rare cases it may be as 
long as two weeks. The duration of an 


attack may not exceed a few minutes, or the 
attack may last for a number of hours; but 
it rarely persists as long as 48 hours. The 
termination of a tetanic spasm is frequently 
preceded by symptoms resembling those 
observed at the onset. 

While there may be a free interval of days 
or weeks between the attacks, unfortunately 
this is far from being the rule. There are 
generally several attacks in the course of the 
day, the patient’s rest at night being unbroken. 
In the severest cases, one attack follows an- 
other with alarming rapidity. As a rule, con- 
sciousness is retained during the attacks. In 
severe cases, extreme dyspnoea may occur. 

Besides the attacks of spasms there are 
other manifestations of the disease. Dis- 
turbances of sensation are regularly present, 
especially pain, which is a frequent con- 
comitant of the spasms. Hyperesthesia, 
paresthesia, or anesthesia may also be noted. 
Temporary redness and cedema are not in- 
frequently observed over the joints. 

Further, the evidences of chronic tetany 
may develop. These consist chiefly in cer- 
tain trophic disturbances, such as loss of hair, 
dry skin, changes in the nails, teeth, and 
lens, also metabolic changes resulting in 
cachexia. The manifestations of chronic 
tetany may persist for years. 

A certain number of cases, too numerous 
to be interpreted as accidental coincidences, 
present a combination of tetany with typical 
epileptic seizures. 

Certain authors also include with the 
symptoms of tetany the hysterical attacks 
which are occasionally present. 


Trousseau assumes three different degrees of 
tetany based upon the distribution of the spasms: 
first, a mild form, affecting the peripheral muscles 
only, some of these attacks being even limited to the 
hands; second, a moderate form, with involvement of 
the facial, abdominal, and trunk muscles; third, a 
severe form, extending to the involuntary muscles. 


Tests. Of particular significance as bear- 
ing on the diagnosis are the tests of Erb, 
Chvostek, Trousseau, and the leg test. 
These may be elicited during the free inter- 
vals, or latent periods, and likewise after the 
subsidence of the attacks of muscular spasms. 
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Erb’s test. There is a marked increase of galvanic 
irritability of the motor nerves, especially the ulnar. 
Hyperexcitability is evidenced by contracture to 
abnormally mild stimuli, KC, AC, AO, and KO all 
being low. A kathodal opening contraction below 
; milliamperes is particularly significant. Erb’s 
test is undoubtedly the most sensitive, reliable, and 
accurate for tetany. It should always be used 
in a suspected case. 

Trousseau’s phenomenon can be demonstrated 
in two-thirds of all cases of tetany. The symptom 
consists in the occurrence of a tetanic spasm in a 
limb as the result of compression of its main nerve- 
trunks. 

Chvostek called attention to the facial phenom- 
enon which can be elicited in tetanic patients by 
gently tapping over the area of distribution of the 
facial nerve. The resulting short twitchings are 
known as Chvostek’s symptom. 

In the leg phenomenon (Beinphaenomen, Schles- 
inger’s sign, Pool’s phenomenon) contractures are 
caused by putting the sciatic nerve on the stretch. 
For this test the patient is placed in a sitting posi- 
tion, with legs fully extended upon the thighs, and 
the trunk is then forcibly flexed upon the thighs 
by pressure exerted between the shoulders (Fig. 4). 
The contractures are preceded and accompanied by 
pain, which may be severe enough to cause the pa- 
tient to cry out. The feet become forcibly flexed 
(plantar) and adducted, assuming a position of 
marked equinovarus. This position cannot be 
altered by passive efforts however forcible. The 
muscles of the calf stand out conspicuously and be- 
come board-like to the touch. The onset of the 
pain and contractures begins from about 4o seconds 
to two minutes after the position is assumed. 
The pain may become so severe in a short time as to 
make it imperative to desist. The arm, tongue, and 
Hoffman’s tests are of little clinical value. 


The course of tetany following thyroidec- 
tomy has been divided by Frankl-Hochwart 
into three classes: (1) cases characterized by 
onset soon after the operation, severe course, 
and fatal outcome; (2) cases in which the 
symptoms appear soon after the operation 
but subside after a variable time and are 
followed by recovery; (3) cases in which the 
patients live, but present the manifestations 
of chronic tetany. It is necessary to extend 
this classification: thus, there may occur 
“latent tetany’? with no muscular spasms 
but with positive Chvostek’s phenomenon 
and other kindred signs (von Eiselsberg). 
Moreover, after the spasmodic attacks have 
ceased, recurrences may take place, especially 
under the influence of certain conditions 
which are practically the same as those with 
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which the onset of idiopathic tetany is asso- 
ciated; namely, pregnancy, lactation, cold 
seasons, diet of meat, etc. (Guleke). 

According to Guleke the prognosis of postopera- 
tive tetany is not good. From the cases which he 
compiled from the literature 25 per cent died and 17 
per cent developed a chronic or markedly recurrent 
tetany. Iversen, in his compilation, found the 
death rate in postoperative tetany to be about 17 
per cent. 

Treatment of tetany parathyreopriva. As 
soon as symptoms of tetany are noticed, 
calcium lactate should be administered, fol- 
lowed by parathyroid nucleoproteid. The 
calcium should be repeated as indicated; the 
nucleoproteid should be given continuously. 
Although benefit has been claimed for cal- 
cium lactate given by mouth in doses of about 
30 grains every four hours, intravenous ad- 
ministration appears to be much more effi- 
cient (20 cubic centimeters of a 5 per cent 
solution with 1oo cubic centimeters of normal 
sodium chloride solution). The nucleo- 
proteid is administered subcutaneously or 
intramuscularly indefinitely, 1 cubic centi- 
meter of a 1 per cent solution being given 
three times a day. 

Parathyroid transplantation is indicated 
when medical treatment seems of no avail, or 
when the symptoms persist for a sufficient 
period to make it probable that spontaneous 
cure will not occur. 

In view of the uncertain status of all pro- 
posed methods of treatment, the importance 
of prophylaxis is self-evident. 

Prophylaxis. In operations upon the thy- 
roid gland, it has been shown that not merely 
must sufficient thyroid be left in order to 
prevent the occurrence of myxcedema, but 
that a sufficiency of parathyroids must be 
left so as to prevent the occurrence of tetany. 
The posterior part of one lobe must always 
be left, thus practically insuring a sufficiency 
of parathyroids with their blood supply. It 
is even safer, however, to leave the posterior 
parts of both lateral lobes. 


ENDOCRINIC RELATIONS BETWEEN PARATHY- 
ROIDS AND THE SEXUAL FUNCTION 


1. General. Experimental studies have 
not established a definite interaction or mu- 
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tual relation between the parathyroids and 
the gonads. Partial parathyroidectomy has 
no influence on the histological structure and 
functional activity of the ovaries and testicles 
according to Alquier and Theuveny. The 
effects of parathyroidectomy are not notably 
modified by the sex of the animal. In this con- 
nection it is of historical interest to note 
Silvestri’s assumption of a close relationship 
between the parathyroids and the ovaries on 
the basis of the apparent freedom from 
tetany of adult female animals which had 
been castrated prior to the extirpation of the 
parathyroids, whereas immature females, as 
well as adult male animals, died of tetany, 
irrespective of the performance of castration. 
The fallacy of this observation was shown by 
Massaglia, Purpura, Cleret and Gley, and 
recently by Meyer (1914). In all their ani- 
mals, death from tetany followed complete 
extirpation of the parathyroids even when the 
ovaries were removed before or after the 
parathyroidectomy. 

The different phases of the female sex cycle, 
especially the latter part of pregnancy and 
the period of lactation, are known to exert 
marked influence on the production of 
tetanic spasms. By animal experiments, 
Erdheim, Adler and Thaler showed that par- 
tially parathyroidectomized animals not only 
developed tetany after the operation, but 
after recovery were again attacked in a 
subsequent pregnancy. Other animals which 
had remained free from symptoms of post- 
operative tetany presented such symptoms 
in later gestations. That is, the pregnant 
state elicited tetanic spasms in the presence 
of diminished parathyroid function. In 
other words diminished parathyroid function 
creates a tendency to tetany, which may not 
manifest itself until pregnancy supervenes. 

Pregnant animals have been shown to re- 
act much more markedly to experimental 
lesions of the parathyroids than nonpregnant 
animals (Erdheim). The total removal of 
the parathyroids causes pregnant animals to 
abort and to die after a shorter period and 
under more violent tetanic symptoms, than 
nonpregnant animals. The effects of partial 
extirpation serve to show that during preg- 
nancy more parathyroid tissue is needed for 


the preservation of life as well as for the avoid- 
ance of tetany than under ordinary conditions. 
The obvious conclusion is that the para- 
thyroid function is relatively strained in the 
course of pregnancy. 

The disturbances of the internal secretions, 
as related to pregnancy, childbirth, and the 
puerperium, were discussed at the Fifteenth 
German Gynecological Congress, by Seitz, 
who emphasized, with special reference to 
the parathyroids, that although no distinct 
morphological changes have as yet been dem- 
onstrated in these organs, the tetany of 
pregnancy is probably referable to parathy- 
roid insufficiency. 

2. Offspring of parathyroidectomized ani- 
mals. The effect of total parathyroidectomy 
upon the power of procreation has been stud- 
ied by Guleke in rats in which postoperative 
tetany takes a chronic course. These animals 
did not procreate after total parathyroidec- 
tomy. Animals whose parathyroids have 
been only partially removed, however, may 
conceive and carry their young to term, al- 
though abortions and still births are com- 
mon. In a large number of the cases the 
young die in the first few days after birth. 
According to Vassale, the milk of tetanic 
animals is often abundant, and instead of 
harming the young, causes them to develop 
better than others from the same litter which 
are raised on cow’s milk. 

3. Parathyroid function as affected by the 
sex cycle in the female. During menstruation 
the entire endocrinic system is probably in a 
state of heightened activity. A failure of 
adjustment on the part of the parathyroids to 
this increased metabolism may lead to evi- 
dence of insufficiency with occasional cul- 
mination in the clinical picture of tetany. 
This is shown by case reports of Hoesslin and 
Lundborg. Following goiter operations, 
their patients suffered from tetanic spasms at 
each menstrual period. In contrast to these 
cases in which the menstrual processes elicited 
tetanic attacks in predisposed women, are 
observations on young girls suffering from 
idiopathic tetany who promptly recovered 
with the first establishment of the menstrual 
flow, and on older women whose tetanic symp- 
toms disappeared at the beginning of a men- 
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Fig. 1. Principal cells. (Photomicrograph reproduced 
from ‘*Tetany Parathryeopriva,”’ Pool, Annals of Surgery, 
1907.) 


strual period. Moreover, occasionally, tet- 
any has been known to occur primarily as a 
sequel to menstruation, sometimes manifest- 
ing itself after each menstrual period. It is 
difficult to draw conclusions from the evi- 
dence at hand further than to state that a 
tetanoid state and chronic tetany tend to 
aggravation about the menstrual periods. 

Parathyroid lesions have recently been held 
responsible for puerperal eclampsia by Vassale, but 
this view is opposed by others, notably by Seitz, 
on the ground of negative tests of galvanic nervous 
irritability in a number of eclamptic patients. 
Moreover, no morphological proof has been ad- 
duced to the parathyroid theory of puerperal 
eclampsia. According to the investigations of 
Allegri, and others, the parathyroid glands appear 
practically normal in these cases. 

4. Maternal tetany (tetany during preg- 
nancy and the puerperium). Tetanic spasms 
occurring in connection with the childbearing 
processes, represent one of the oldest known 
forms of the disease. Trousseau described 
the condition in 1854 as contractures des 
nourrices, but it had already been recognized 
by Dance and Steinheil (1830-31). An im- 
portant contribution to the subject by Frankl- 
Hochwart contains 53 cases from the literature 
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Fig. 2. Masses of oxyphile “‘functional” cells. (Photo- 
micrograph reproduced from ‘‘Tetany Parathyreopriva,”’ 
Pool, Annals of Surgery, 1907.) 


and 23 personal observations. Opinions 
differ as to the relative frequency of gesta- 
tion, puerperal, and lactation tetany respec- 
tively. The puerperium and the suckling of 
the child are held by some to be far more 
responsible than the pregnant state, but it is 
maintained by others, notably Seitz, that 
from 80 to go per cent of the cases begin be- 
fore childbirth, while only a small number 
occur exclusively during lactation. The time 
of predilection for the onset of tetany appears 
to be in the second half of pregnancy, begin- 
ning with the sixth month, but the contrac- 
tions may appear in the early months or dur- 
ing parturition. 

A disturbance of parathyroid function 
must be held responsible for maternal tetany. 
The clinical picture of the disease corresponds 
accurately to that of tetania parathyreopriva. 
The dependence of maternal tetany on in- 
sufficiency of the parathyroids has been shown 
by means of animal experimentation as well 
as by observations upon strumectomized 
women who, after the removal of a goiter, were 
attacked by tetany in later pregnancies. 

A twofold explanation was advanced by Chvostek, 
in 1905, for the existence of a special predisposition 
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to tetany during gestation and in the puerperium: 
The parathyroid function, he argues, may be taxed 
to an increased degree by the childbearing pro- 
cesses; or it may be damaged by unknown influences 
(since shown possibly to be a relative impoverish- 
ment in calcium salts), the result being a condition 
equivalent to partial removal of the parathyroids. 
When the parathyroid function is inadequate in the 
presence of pregnancy, tetany supervenes, although 
under ordinary conditions the diminished functional 
capacity of these organs may be compatible with 
health. This view is supported by the subsidence 
of the tetanic symptoms after delivery or at the end 
of lactation. 


In the consideration of maternal tetany 
recent writers lay emphasis upon the sup- 
position that the function of the parathyroids 
is dependent upon a sufficiency of calcium. 
Although it has been shown by MacCallum 
that the calcium content of the blood is 
lessened in tetany and that calcium is of 
therapeutic value, in other words, that. insuf- 
ficiency of the parathyroids is associated with 
deficiency of calcium, it has not been proved, 
that diminished calcium in the organism pro- 
duces incapacity of the parathyroids. Never- 
theless theories based upon this assumption 
are plausible and will be outlined. 


As pointed out by Kehrer, the tissues, more par- 
ticularly the central nervous system, may be de- 
prived of their calcium contents through an in- 
creased calcium excretion in body fluids, such as 
blood, milk, or urine; or through a neutralization of 
the calcium by acids. A reduction in the calcium 
contents of the body is physiological, within certain 
limits, in pregnant and puerperal women; but, it is 
assumed, once this limit has been exceeded, tetany 
is likely to appear when the parathyroids are im- 
perfectly developed or functionally deficient. In 
pregnancy, the calcium of the maternal organism 
is drawn upon for the structure of the foetal tissues. 
During parturition, calcium is lost with the blood. 
The nursing mother loses calcium with the milk. 
If it is accepted that the parathyroids are incapac- 
itated by lack of calcium, the significance of all 
these physiological conditions is identical: The 
calcium impoverishment of the organism imposes a 
tax upon the parathyroid function, with the result 
that tetany may supervene in women having 
hypoplastic or otherwise deficient parathyroid glands. 


The existence of a “subtetanic”’ condition 
is now assumed, by Seitz and Thierry, on the 
basis of important investigations, in 10 per 
cent of all women during the last months of 
pregnancy or in course of childbirth. 
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The galvanic irritability of the nerves was found 
to be increased in the last months of gestation in 80 
per cent of the seventy healthy pregnant women 
examined and a still further increase of nervous 
irritability was found at the time of birth. In 
1o per cent of the women examined such a degree 
of electric irritability was found during childbirth 
as is otherwise noted only in tetany; during the 
puerperium, the irritability returned to normal. It 
is noteworthy that with a single exception none of 
the examined women had suffered from tetany. 

Latent tetany has been claimed by Kehrer to be 
more common in pregnant and puerperal women 
than is usually assumed. In his experience, posi- 
tive findings were noted in 75 per cent of the cases, 
in the latter half of pregnancy as well as during the 
first ten days of the puerperium. Kreiss found a 
positive Chvostek phenomenon, with galvanic hy- 
perirritability of the facial nerve, in 60 per cent of 
all pregnant women, and in 8 per cent of all puer- 
peral women. The recognition of incipient tetany 
has been based upon such symptoms as tingling 
sensations in the hands and feet, Chvostek’s facial 
phenomenon, and galvanic hyperirritability. 

Recurrent tetany has been noted not infrequently 
in successive pregnancies, and there is a tendency for 
the symptoms to become more severe with each 
pregnancy and to occur in earlier months. Some 
women are entirely well during the intervals, while 
others suffer from a more or less severe chronic type 
of the disease. 

The course of maternal tetany is extremely 
variable. In the great majority of the cases, 
the tetany of childbearing women is of a mild 
type and the patients recover. Trophic 
disturbances of the skin and its appendages 
are common and are usually referred to 
toxins circulating in the blood. The most 
serious sequel is represented by cataract 
formation, the general nutritional disturb- 
ances apparently possessing special etiological 
significance in this respect. Women suffer- 
ing from maternal tetany are apt to be weak 
anzmic individuals, many of them weakened 
by a considerable number of pregnancies and 
births in rapid succession. 

In the severest cases, representing the ful- 
minating type of maternal tetany, which may 
terminate in death at the height of the attack, 
the onset is sometimes abrupt, with marked 
dyspnoea, cyanosis, and loss of consciousness. 
Life is endangered through the possible ex- 
tension of the tetanic spasms to the dia- 
phragm and respiratory muscles. Laryn- 
gospasm is an occasional cause of death. 
The mortality of tetany in pregnant women, 
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Parathyroid gland to contrast relationships of thyroid, x; parathyroid, 


y; recurrent laryngeal nerve, 2; inferior thyroid artery, 0; and cesophagus, p. 


(Pool and Falk, Annals of Surgery, 1916.) 


according to Seitz, amounts to 7 per cent. 
In the experience of Marek, of ten mothers 
with tetany, nine of them multipare, three 
died. 

The tetany of pregnancy in some cases per- 
sists during the puerperium; in others the 
attacks subside in the first few days after 


birth. In her next pregnancy, the patient 
may be again attacked, or this pregnancy may 
be normal and she may remain free from 
spasms until a later one. Some women are 
entirely well during the intervals, while 
others suffer from more or less severe chronic 
tetany. The occurrence of premature labor 
may rapidly terminate the disease in pregnant 
women. 

A case of tetany which has come under my 
observation is of interest in connection with 
the consideration of maternal tetany.! 


The woman, 27 years of age, has undergone 3 
operations for goiter by different surgeons, 5, 10, 
and 12 years ago. I am informed that at the third 
operation, February 1, 1912, the right lobe was 
removed in toto, only the isthmus being left. The 
left lobe of the gland had evidently been excised 
at a former operation, as inspection of that side is 

1Ann, Surg.. Phila., r912,lvi, 804. 


said to have revealed no evidence of thyroid tissue 
The healing of the wound was uncomplicated. 

On the third day after operation tonic con- 
tractures occurred with cramp-like pains in the 
fingers and hands, which assumed the position 
known as accoucher’s hand. The patient also 
had cramp-like pains in the calves. 

On the fourth day calcium lactate was given 
hypodermatically. Tonic contractures of the fingers 
of the left hand with cramp-like pains lasted from 
9 p.m. to I a.m. 

I saw the case for the first time on the next day 
and made various tests, finding an astonishingly 
marked hypersensitiveness of the motor nerves 
as indicated by Erb’s, Trousseau’s, Chvostek’s 
tests, and the leg and arm phenomena. 

On the sixth day, implantation of a parathyroid 
removed from a young male in an operation for 
simple goiter. The implant was placed in the 
properitoneal tissue behind the right rectus sheath. 

Seventh day, forcible contractures with severe pains 
in the parts affected. The elbows were flexed at a 
right angle; wrists and fingers were also forcibly 
flexed. The attack continued from 5 a.m. to 11 a.m. 

No further attacks of tetany were noticed up to 
the time of the patient’s discharge. Shortly after 
her discharge she had one brief attack lasting about 
a minute, characterized by pain and contragtures in 
right calf. 

The woman subsequently married and passed 
successfully through two pregnancies. 

April 7, 1913, baby born. August, 1913, baby 
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Method of producing leg phenomena in tetany, 
followed by contractures of muscles of right calf and plantar 
flexion of right foot. 


Fig. 4. 


died (intestinal disturbance); was nursed until time 
of death; never presented evidences of tetany. In 
August first menstruation since confinement; also 
first tetany since the brief attack after discharge 
from hospital following transplantation. 

November 3, 1915, second child born. During 
pregnancy mild attacks of tetany. February, 1916, 
first menstruation. Had severe tetany, had to go to 
bed for two days. 

Since August, 1913, patient has had mild attacks 
of tetany with each menstrual period. Patient is 
much worse in cold weather. If hand is put in cold 
Water, it assumes the accoucher’s position. Second 
baby has always been healthy; has never presented 
signs of tetany. 


5. Lactation tetany. The designation 
‘‘rheumatic contracture of nursing women”’ 
was proposed in 1854, by Trousseau, for a 
condition observed by him in a number of 
cases. Loss of parathyroid competence is in 
general held responsible for lactation-tetany 
as well as for other forms of tetany connected 
with the female organs of generation. The 
onset of tetany, after childbirth, is less com- 
mon in mothers who do not nurse their chil- 
dren than in nursing mothers. The tetany 
is said to be caused by the prolonged secre- 
tion of calcium-containing milk. In women 
suffering from a mild form of chronic tetany, 
the disease sometimes becomes aggravated 
during lactation. Tetany has been known to 
occur within the first week after childbirth, 
and also after a latent period of two to eight 
months. This form of tetany has less tend- 
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Fig. 5. Postoperative tetany. Arm phenomenon, 
showing contractures of fingers as a result of extreme ab- 
duction of arm, with elbow extended. 


ency to recurrence than gestation-tetany, the 
proportion, according to Kehrer, being as 
25:8. Whereas lactation, according to Mein- 
ert, plays a more important réle in the 
etiology of maternal tetany than does gesta- 
tion, it is claimed by Seitz that from 80 to go 
per cent of the cases begin during pregnancy 
and that only a relatively small number have 
their origin during lactation. 

6. Resemblance of clinical picture of ma- 
ternal tetany to that of tetany parathyreopriva. 
The remarkable conformity of the clinical 
pictures of maternal and postoperative tetany 
first led to an investigation of parathyroid in- 
sufficiency as the possible underlying cause. 
The dependence of maternal tetany on a dis- 
turbed function of the parathyroids has been 
illustrated, both by animal experiments and 
by observations upon women who, after the 
extirpation of a goiter, were attacked by 
tetany in later pregnancies. In support of 
this view, an interesting observation was 
made by Kehrer on a V-para who died on 
the twelfth day of the puerperium a few days 
after being attacked by tetany. Instead of 
the four normal parathyroids, the autopsy 
showed only a single parathyroid gland, and 
even this was reported as apparently .ab- 
normal. 

7. Tetany in gynecological diseases and 
after gynecological operations. In cases of 
uterine fibromyomata and purulent endometri- 
tis tetanic spasms and tetanoid conditions 
have been reported. 


Thus, a woman of 28 years, observed by Kehrer, 
while suffering from a profuse purulent discharge, 
complained of dragging and tingling sensations with 
painful tension in both hands and feet. The re- 
flexes, especially the knee-jerks, were very lively, 
and Chvostek’s phenomenon was well-marked on 
both sides. After two days’ administration of 
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Leg phenomenon, showing plantar flexion of 


Fig. 6. 
foot as a result of forcible flexion of trunk upon thighs with 
knee extended. 


calcium the sympto ns suddenly subsided and did 
not reappear. 


As a sequel to uterine curetiage and major 
gynecological interventions tetany develops in 
rare instances. It is sometimes definitely 
preceded by a tetanoid condition. As a 
rule, the spasms make their appearance im- 
mediately, or soon after the operation. For 
good descriptions of these postoperative tet- 
anies we are indebted to Kehrer in Germany 
and Stein in this country. The gynecological 
interventions after which tetany has been ob- 
served, include curettage for uterine hemor- 
rhage and incomplete abortion, ventral fixa- 
tion of the uterus, plastic operations on the 
perineum, colporrhaphy, extirpation of vag- 
inal cysts and of ovarian tumors. A few il- 
lustrative cases will be summarized: 


Gross describes the case of a woman 39 years of 
age, whose uterus was curetted after abortion in the 
second month. At the beginning of the operation, 
the patient underwent a typical attack of tetany. 
About nine months later, the uterus was again 
curetted, on account of persistent menorrhagia; a 
similar attack of tetany followed. Reference is 
made to the presence of a hard nodule, the size of a 
walnut, in the region of the thyroid gland. 

Typical tetanic spasms were observed by Goth, 
immediately after the performance of a_ plastic 
operation on the perineum, in a IV-para 25 years of 
age; the spasms were repeated about every three 
hours, lasted from two to five minutes, and caused 
rather severe pains. Both hands were held in the 
accoucheur-position, and the feet and toes in plantar 
flexion. The last attack of tetany occurred on the 
thirteenth day following the operation. 

In a case reported by Kehrer, a woman 41 years of 
age, typical tetany occurred in connection with 
reposition of a retroflexed myomatous uterus, under 
light ether anesthesia. 


SYSTEM 
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A type of contracture of hand and wrist in 


Fig. 7. 


tetany. 


8. Tetany in the newborn. A_ relation 
between infantile tetany and disturbed para- 
thyroid function is suggested by the con- 
formity of the clinical manifestations with 
those of tetania parathyreopriva. Typical 
tetany of the newborn manifests itself soon 
after birth in the offspring of tetanic or teta- 
noid mothers, and the children rarely survive 
longer than a few weeks or months. The 
infants of tetanic mothers sometimes suffer 
from typical tetany, but often have merely 
the so-called ‘‘ tetanoid”’ symptoms, especially 
a well marked Chvostek phenomenon. The 
infant’s condition is probably due to prenatal 
causes. An increased tendency to tetany was 
noted experimentally by Iselin in the young 
of parathyroidectomized animals. In all the 
cases of tetany in the newborn observed by 
Kehrer the children were born after an easy 
labor, without instrumental assistance, and 
the convulsions could not be referred to 
obstetrical traumatism. Serial sections of 
the parathyroids of eight older children who 
had died from tetany were made by Haber- 
feld, in whose opinion the disturbances of 
growth and hypoplasia of the organs, with 
subsequent functional insufficiency, may be 
the result of haemorrhage into the substance 
of the glands. 

Tetany of the newborn usually attacks weakly 
and premature infants. In the five cases reported 
by Kehrer, the disease made its appearance within 
the first week after birth. With one exception, the 
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children recovered after large doses of calcium; the 
death occurred on the third day after birth, under 
symptoms of acute tetany. In the experience of 
Kocher and Frankl-Hochwart, children of tetanic 
mothers succumbed to convulsions at a very early 
age. According to an observation reported by 
Peters, in 1898, convulsions were the cause of death 
in nine of ten children of a mother who was at- 
tacked by tetany in the latter half of her second 
pregnancy and in every following gestation. The 
tenth child of a tetanic mother observed by Meinert, 
died at the age of nine months, after having suffered 
from convulsions since the fourth month. In an- 
other case reported by the same author, the sixth 
child of a tetanic mother was attacked on the 
eighth day after birth by convulsions of progressive 
severity, and died at the age of six weeks. A woman 
31 years old, observed by Zirm, was attacked in the 
eighth month of pregnancy by painful spasms in 
both forearms and hands; the child died of convul- 
sions at the age of two weeks. The infant of a 
tetanic mother 26 years of age, who during her 
pregnancy had suffered from convulsions at about 
a fortnight’s interval, died of convulsions on the third 
day of life (Zirm’s second case). 

The treatment of maternal tetany. ‘The re- 
quirements are efficiently met by the admin- 
istration of calcium in large doses. Details 
as to the therapeutic employment of calcium 
have been given under the treatment of 
tetany parathyreopriva. 

Implantation of parathyroids has not been 
tried in these cases, but has been performed, 
apparently with some success, in tetania 
parathyreopriva. Internal treatment with 
parathyroid extract has been reported as 
exerting a favorable influence upon the tet- 
anic spasms. ‘‘Immunity serum” was em- 
ployed by Kehrer in a case of lactation- 
tetany; it has been prepared by withdrawing 
blood from the tetanic mother and injecting 
it into another woman. The serum was ob- 
tained from this woman a few days later and 
injected under the patient’s skin with bene- 
ficial results according to the report. 


CONCLUSIONS 

1. No direct relationship has been estab- 
lished between the parathyroids and the 
female sex organs; no morphological changes 
in the parathyroids have been noted during 
pregnancy; yet apparently there is a connec- 
tion between the parathyroids and the sex 
processes in the female. 

2. Tetany, the clinical evidence of insuffi- 
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cient parathyroid function, is somewhat prone 
to occur in menstruating, pregnant and 
puerperal women, as well as patients suffering 
from gynecological diseases or who. have 
undergone gynecological operations. 

3. The cause of maternal tetany is now 
referred to parathyroid insufficiency. 

4. The function of the parathyroids is 
apparently closely connected with calcium. 

5. There is reason to believe that maternal 
tetany and lactation tetany are associated 
with calcium deficiency. 

6. Latent tetany, or a subtetanic condition, 
is much more common in pregnant and 
puerperal women than is usually assumed. 

7. Tetany in newborn infants, the offspring 
of tetanic mothers, is usually fatal within a 
short time after birth. 

8. In the treatment of maternal tetany, the 
administration of calcium in large doses is 
followed by beneficial results in the great 
majority of the cases. 


I am indebted to Dr. F. Robbins for 
assistance in the preparation of this review. 
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THE THYROID GLAND IN RELATION TO GYNECOLOGY AND OBSTETRICS 
By DAVID MARINE, M.D., CLEVELAND, OHIO 


The H. K. Cushing Laboratory of Experimental Medicine, Western Reserve University 


HE relation of the thyroid to the sex 
organs in the female is the most an- 
cient and classical illustration of the 
interrelation of the function of glands 
with internal secretions. Known to the an- 
cients in its crudest external manifestation, 
a subject of their daily gossip, it has passed 
down through the ages. Even today, in 
spite of the records of thousands of observa- 
tions and experiments, we must confess to 
a very meager insight into the fundamental 
physiological processes involved. 

Experimental approachwis difficult. The 
lower animals lack the obvious manifesta- 
tions seen in man. The search for hormones, 
chemical activators and depressors is still 
in its infancy. However, many facts of im- 
portance are known’and I shall review some 
of them on the following pages. 

Of the several possible tissues whose ac- 
tivities may be concerned, the thyroid, ad- 
renal, and sex glands appear most important. 
The adrenal medulla is important because of 
the effect of its hormone on all sympathetic 
nerve endings; the adrenal cortex because 
embryologically it is identical with the intersti- 
tial cells of the ovary. Both the adrenal cortex 
and interstitial cells are characterized by a 
high lipin content, the physiological réle of 
which is unknown, although there are many 
facts to indicate that it is of great importance. 
Both tissues reciprocate in their physiological 
hyperplasias, and reasoning from analogy with 
the male, these lipin-rich interstitial cells prob- 
ably play an important rélein the development 
and maintenance of the secondary sexual 
characteristics. 

Ancestrally the thyroid exists in the chor- 
dates in two forms — as an elaborate ventral 
midline pharyngeal glandular groove, the so- 
called ‘‘endostyle” in all the lower chordates 
—tunicates, amphioxus and ammoccetes 
(larval lampreys), and as the familiar ductless 
thyroid in all higher chordates — adult lam- 
preys, fish, amphibians, reptiles, birds, and 
mammals. Fortunately, the animal (lam- 


prey) in which the transition from endostyle 
to thyroid can be followed, still exists, other- 
wise this extraordinary metamorphosis could 
not have been established. 

The thyroid then is primarily a pharyngeal 
gland, probably closely related both to diges- 
tion and respiration and in the thyroid of 
higher animals, all its known activities are 
still intimately related to metabolism. Vari- 
ations in size within physiological limits are 
characteristic of all three of these tissues. In 
man, the dog and the cat it is the thyroid which 
shows the largest variations, while in rabbits 
the adrenal cortex and ovaries show greater 
variations in size than the thyroid. 

It is usually stated that the thyroids in 
women are larger per unit of body weight 
than in men. This is in general true, so far 
as anatomical statistics can go, but it has 
misled some authors to imply that the dif- 
ference is inherent, while in truth it is ac- 
quired and can be entirely controlled. 

All the known physiological activity of the 
thyroid is associated with iodine. Used in 
ignorance from the most remote times in the 
form of sponge ash, sea-weed, crude salt, 
etc., in the treatment of thyroid enlargement, 
discovered as an element in 1811 by the 
Frenchman Courtois, first knowingly used 
in medicine by the Geneva physician, Coindet, 
in 1820, it remained for Baumann, of Freiburg, 
to discover it as a normal constituent of the 
thyroid in 1895. Iodine is usually present 
only in traces in the thyroid at birth, unless 
the mother has been given iodine, when it is 
enormously increased. In the normal gland 
there are wide variations in the iodine con- 
tent. The average is about o.2 per cent of 
the dried weight or from to to 15 milligrams 
in the whole gland. The iodine-containing 
hormone is bound with the globulin of the 
colloid from which Kendall has recently been 
able to separate it by alkaline hydrolysis and 
to obtain it in crystalline form. Jts chemical 
nature is unknown, though Kendall thinks it 
is a di-iodo-indol. 
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In general, the iodine of the thyroid varies 
with the amount of colloid. Iodine is mark- 
edly decreased in the developmental stages 
of all goiters and following the administra- 
tion of its soluble salts it is almost instantly 
taken up by the thyroid. Physiologically 
this iodine-containing hormone is the most 
powerful activator of metabolism known. 
This effect appears to be brought about 
through stimulation of the oxidation processes 
and if the work of Asher and Flack and of 
Cannon and his co-workers is confirmed, the 
influence of epinephrin is very important 
in augmenting its action and vice versa the 
influence of the thyroid hormone greatly aug- 
ments the pressor activity of epinephrin. 
With our present knowledge we attempt 
to explain the instances of increased functional 
activity of the gland on the basis of an in- 
creased demand for thyroid activity or what 
amounts to the same thing, an increased de- 
mand for the iodine-containing hormone. 

Thyroid enlargements appear to be com- 
pensatory or work hypertrophies and are 
readily controlled or prevented by the ad- 
ministration of very minute amounts of 
iodine. Removal of the thyroid is followed 
by similar basic symptoms in both young and 
adult animals. They all depend upon de- 
pression of the various activities of tissues 
and a decrease in total metabolism. In the 
young, this change manifests itself in arrested 
growth and development, sexual, somatic 
and mental — the so-called cretin. In the 
adult, loss of sexual functions, increased 
fatty deposits, mental deterioration, anemia, 
and malnutrition of all the tissues are the 
most prominent manifestations. There is 
no evidence of selective action or that certain 
organs or groups of organs are more affected 
than others. Superficially this might seem 
to be the case because certain symptoms, like 
those of the nervous system or genital sys- 
tem, are more obvious and earlier recognized. 

Removal of the thyroid like removal of 
the ovaries or adrenals is usually accompanied 
by persistence of the thymus, spleen enlarge- 
ment, enlargement of the lymph glands and 
a lymphocytosis. Nothing is known as to 
the cause of these changes. Removal of a 
large portion of the adrenals in rabbits causes 
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slight, though definite, hypertrophy of the 
thyroid and lymphoid hyperplasia. This is 
also seen in Addison’s disease in man, and 
might be explained as part of the adrenal- 
thyroid interrelation. 

Removal of the adrenals also causes hy- 
pertrophy of the interstitial tissue of the 
ovaries in rabbits, and removal of the ovaries 
causes hypertrophy of the adrenal cortex or 
even of subcutaneous transplants of adrenal 
cortex. 

Removal of the ovaries in animals probably 
tends to decrease the activity of the thyroid. 
There is no evidence that this is a direct 
effect. The various attempts to establish 
a direct relationship between the thyroid and 
ovaries by a comparison of the influence of 
extracts on metabolism have given negative 
or doubtful results. Through the study 
of cryptorchids, and experiments of ligating 
the vas deferens it has been definitely estab- 
lished that the interstitial lipin-rich cells of 
the testes largely determine the male second- 
ary sexual characters. In the case of the 
ovary it is not possible to separate the oogenic 
cells from the interstitial cells, but the at- 
tempts thus far made suggest that these 
cells play a very important and similar réle 
in the secondary sex characters of the female. 

Nevertheless, it is an outstanding fact 
that in man thyroid hyperplasia is many 
times (6 to 8) more common in the female 
during and after adolescence than in the 
male during and after adolescence. Up to 
this period sex makes no difference in the 
incidence. Congenital goiter is not influenced 
by sex and in all the lower animals sex like- 
wise has no influence, the incidence remaining 
the same at all periods of life. 

In the human subject, the periods when 
thyroid enlargements most frequently occur 
are at puberty, during menstruation and 
during pregnancy. During each of these 
periods the body metabolism is increased and 
as it is a major function of the thyroid to 
stimulate oxidation processes in the body, it 
is probable that the heightened metabolism 
is of thyroid origin and the enlargement of 
the thyroid at these times is a true work hy- 
pertrophy. This view is supported by the 
facts that supplying the iodine-containing 
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hormone artificially or even iodine, from 
which the gland can elaborate its own hor- 
mone in increased amounts, prevents the 
hypertrpohy, and in any developing hyper- 
trophy of the gland the iodine is decreased. 
In rut and pregnancy of the lower animals 
these changes are too slight for certain de- 
tection, though many authors have reported 
mild degrees of thy®@id hypertrophy in both 
rut and pregnancy. I have given consider- 
able attention to the study of this feature 
and have never been able to detect any 
change in size, histological appearance, or 
iodine content greater than the range of 
changes found normally in either sex un- 
associated with sexual activity. An in- 
crease in metabolism occurs in animals also 
during rut and pregnancy and, therefore, some 
increase in thyroid activity is probable, but 
it is too slight to be recognized by mor- 
phological or chemical changes in the thyroid 
as can often be done in man. 

The degree of change in the thyroid during 
_ puberty, menstruation, and pregnancy is 
normally slight, amounting to no more than 
the enlargement incident to the increased 
blood supply. Occasionally hypertrophy of 
the epithelium occurs, and always there is 
some decrease in the iodine content. Cellular 
hypertrophy is not possible until a great 
drop in the iodine has taken place. In the 
dog, ox, sheep, pig, and man it has to fall to 
less than o.1 per cent as comparing with a 
normal of over o.2 per cent of the dried weight. 
These anatomical changes are identical with 
those which occur in developing goiters, and 
in goiter districts it is at these periods that 
simple goiter most frequently develops. The 
development of great enlargements of the 
thyroid at these periods merely means the 
coincidence of the cyclic sexual factor with 
the continuously operating causal agent of 
simple goiter and must not be confused with 
the slight increase in activity or better, the 
slight temporary insufficiency of the thyroid 
of sexual origin. 

It is possible that the same chemical dis- 
turbance initiates the thyroid change, both 
in sexual activity and in simple goiter, the 
difference being one of degree. This is purely 
a speculation, for experimental work so far 
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has furnished no suggestive lead as to the 
exciting cause of either. Nor has the study 
of menstrual disturbances, of the pathological 
physiology of pregnancy or of diseases of 
the genital tract thrown any light on the 
nature of the thyroid reaction associated with 
sexual activity. 

The extensive study of the relation of the 
sex glands to Basedow’s disease likewise has 
given no clue to the nature of the thyroid sex 
gland interrelation; though the incidence as 
regards sex is similar to that of simple goiter. 

To summarize, it may be stated that there 
is evidence in man of a thyroid sex gland in- 
terrelation recognizable in the female in 
association with the development of second- 
ary sexual characters, with menstruation and 
with pregnancy and also in the male at 
puberty, but to a very slight degree. The 
meager evidence available would tend to in- 
dicate that the interstitial cells of the ovary 
and perhaps, also, the adrenal cortex play a 
major réle in this relation in the female, as 
certainly the cells of Leydig do in the male. 

The thyroid enlargement is of the nature of 
a work hypertrophy to stimulate metabolism 
identical in appearance and so far as we know, 
different only in degree from that seen in 
simple goiter. Both of these reactions can 
be controlled and prevented either indirectly 
by giving iodine or directly by giving the 
iodine-containing hormone in physiological 
doses. 
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THE THYMUS GLAND AND ITS POSSIBLE RELATION TO THE FEMALE 
GENITAL TRACT 


By ALWIN M. PAPPENHEIMER, M.D., New York 


INTRODUCTION 
HE vigorous research that has been 
| expended upon the thymus gland 
during the past few years has not, on 
the whole, been very fruitful. That 
the thymus serves an important function, 
especially in the growing organism, cannot 
be doubted. The organ is conspicuously 
large, has a characteristic structure, which 
is maintained with but slight variations in all 
classes of vertebrates, reacts in a very definite 
way to a variety of injuries, and has a con- 
stant relation to the development of the sex- 
ual organs. There are, furthermore, obscure 
but undeniable correlations with thyroid, 
adrenal, and possibly other organs of internal 
secretion. Although these general facts seem 
established, yet in every detail of structure 
and physiology there has been, and is, the 
greatest conflict as to facts and interpreta- 

tions. 

It is, indeed, no easy task to find one’s way 
about through the maze of conflicting state- 
ments, and it is particularly difficult, in the 
present state of our knowledge, to draw any 
far reaching conclusions as to the importance 
of the thymus in relation to the disorders of 
the female genital tract. In preference, I 
shall try to present a brief, general oversight 
of our present knowledge of the thymus, 
based upon a critical study of the work of 
others, and upon my own studies in this field, 
and shall then review, somewhat more in 
detail, the work which bears upon the rela- 
tion of the thymus to the genital organs. 


I. ANATOMY AND HISTOLOGY 

There is at present very satisfactory agree- 
ment in regard to the finer structural features 
of the thymus. Through the studies of Ham- 
mar (1) and of Maximoff (2) and his pupils 
we have come to regard the thymus as an 
epithelial organ invaded by lymphocytes from 
the adjacent mesenchyme; these proliferate 
within the gland and come later to form the 


bulk of the thymus tissue. The epithelial 
component, however, persists as the reticulum 
and enters throughout the formative period 
into the peculiar cell complexes known as the 
Hassal bodies. 

The thin walled blood-vessels which pene- 
trate the lobules from the interlobular septa 
are accompanied by sheaths of connective 
tissue, but there is no general fibrous reticulum 
such as is present in lymph glands. The 
framework, in the meshes of which lie the 
thickly crowded lymphocytes, is formed by 
the branching and anastomosing epithelial 
cells. 

The genesis and nature of the small thymus 
cells has been much discussed. It has been 
maintained by Stoehr, on _histogenetic 
grounds, that, in spite of their resemblance 
to lymphocytes, they are in reality epithelial 
in origin and nature. This view is still 
accepted by Mietens (3), Schridde (4), Fulci 
(5), and others; but the balance of opinion is 
greatly in favor of their being true lympho- 
cytes. Morphologically the small thymus 
cells are identical with lymphocytes to the 
last detail. They show typical amoeboid 
mobility under suitable conditions. Their 
complete independence of the epithelial con- 
stituents of the gland has been demonstrated 
in tissue cultures by the writer (6) and by 
Wassén (7). Under these conditions the 
small thymus cells wander out early into the 
plasma, and degenerate within a relatively 
short time, being phagocyted by the epithelial 
elements, and showing no proliferative capa- 
city. The epithelial cells, on the other hand, 
after a latent period of 24 to 36 hours, show 
active growth into the plasma, often in the 
form of coherent sheets of cells, a manner of 
growth that we are accustomed to regard as 
characteristic of epithelium. 

I have lately been able to bring further 
evidence in favor of the biological identity of 
the thymus lymphocytes with those from 
lymph glands (8). A cytotoxic serum pre- 
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pared by immunizing a rabbit with thymus 
lymphocytes both agglutinates and cytolizes 
suspensions of lymphocytes. On the whole, 
therefore, we may regard it as assured that 
the thymus is a lympho-epithelial organ in 
which the two types of structures coexist in 
the most intimate relation. Indeed, one 
cannot doubt that there must be some pur- 
pose in this symbiotic relation. Even in the 
normal gland the fragile lymphocytes are 
constantly destroyed and replaced, and the 
whole cells or fragments of their nuclei taken 
up and digested by the epithelial cells; and 
this process goes on apace under a variety of 
pathological conditions. 


Il. THE THYMUS AS A SECRETORY GLAND 

What histological evidence have we that 
the thymus is a secretory gland in the ordi- 
nary sense? Mitochondrial granules and 
filaments can be demonstrated in the lym- 
phoid cells, and occasionally larger droplets, 
some of them lipoid in nature, are found in 
the epithelial cells and larger cell complexes 
which enter into the formation of the Hassal 
bodies. There is no evidence that these are 
secretory products. The histological struc- 
ture, however, does not in the least suggest a 
typical glandular arrangement, as exemplified 
in the thyroid, parathyroid, the anterior 
hypophyseal lobe, the adrenal cortex, or the 
islands of Langerhans. The vascular supply 
is less abundant than in these tissues, and the 
capillaries do not enter into intimate relation 
with the individual cells. 

All this speaks against the idea that the 
thymus elements discharge preformed secre- 
tion products directly into the blood stream. 


III. DISINTEGRATION OF NUCLEAR 
MATERIAL 


The more one studies the thymus the more 
certain becomes the conviction that the con- 
stant, and under some conditions, excessive 
disintegration of nuclear material is the most 
obvious form of activity which takes place in 
this organ. It would serve no purpose at the 
present time to speculate further on the mean- 
ing of this process, but here I think we shall 
in time find a clue to the chemical function of 
the gland. 
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IV. NORMAL DEVELOPMENT AND 
INVOLUTION 

There is one other anatomical feature of 
the thymus which deserves emphasis. This 
is its progressive growth up to the onset of 
sexual maturity, followed by its subsequent 
involution. The recognition of this fact we 
owe to the painstaking studies of Hammar 
(1 and g) and his pupils. It holds true not 
only for the human thymus but for all classes 
of vertebrates, even the cartilaginous fishes. 
This well established, but by no means gener- 
ally acknowledged fact, disposes at once of an 
enormous casuistic literature, in which the 
presence of healthy gland tissue in normal 
amount is interpreted as abnormal persistence 
or hyperplasia. 


V. EXTIRPATION EXPERIMENTS 


Probably the most interesting part of the 
voluminous thymus literature is that which 
deals with the effect of experimental extirpa- 
tion. According as one accepts the results 
of one or other group of investigators, the 
thymus is revealed as an organ indispensable 
to orderly growth, to the proper ossification 
of the skeletal system, to normal intellectual 
function, indeed, to continued life itself; or, 
on the other hand, if one remains unconvinced, 
the thymus falls in dignity to an organ the 
loss of which is readily compensated for, an 
organ which has no specific relation to bone 
formation, or to calcium metabolism in gen- 
eral; in short, the status of the thymus as a 
specialized gland of internal secretion be- 
comes a matter of grave doubt. 

I cannot review in detail the numerous 
experiments of this class, which began with 
Restelli (10) in 1845, and have been prose- 
cuted up to the present day. All the com- 
mon domestic and laboratory animals have 
at one time or another been used as operative 
material, and with the most discordant re- 
sults. The older work, in which asepsis was 
disregarded, the completeness of the operation 
often uncontrolled, and the possible existence 
of accessory thymic tissue ignored, is chiefly 
of historical interest. 

Of those workers who have obtained definite 
effects from thymectomy within recent years, 
we need mention only Basch, Klose, and 
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Matti, all of whom have used dogs as their 
principal operative animal. 


Basch (11 and 12) found in his thymectomized 
puppies after a latent period of two to three weeks, 
an increase in softness of the bone, accompanied by 
arrest in growth and apparent defect in intelligence. 
Later (13), he reported the occurrence of galvanic 
hyperexcitability in his thymectomized dogs, less 
intense, however, than in experimental parathyroid 
tetany. 

The studies of Klose and Vogt (14, 15, 16, and 17) 
have attracted much attention, and seemed for a 
time to have put the entire thymus question upon a 
firm experimental basis. Without going into details, 
Klose’s work may be summarized briefly as follows: 
Thymectomy in dogs performed before the twentieth 
day is followed by a latent period of two to four 
weeks, during which the puppies show normal 
growth and behavior. This is followed by a state 
of ‘‘adiposity,” lasting two to three months, during 
which time the weight curve runs parallel to the 
control, but the general habitus and behavior differs 
from those of healthy animals. The puppies fatigue 
easily, the gait is awkward and waddling, the bones 
feel softer and more elastic. The intelligence is 
impaired and the behavior apathetic. 

After three to four months there is said to ensue 
a terminal cachectic stage, ending in death after a 
period varying from three to fourteen months. In 
addition to the cachexia, Klose observed marked 
retardation of growth, great muscular weakness, and 
in the terminal stage apathy, deepening into coma. 
A tendency to intercurrent infections, especially 
corneal ulcerations was striking. 

As regards the specific changes in the bones which 
Klose and Vogt often allude to as rachitic, a critical 
analysis leaves one in doubt. There are many dis- 
crepancies in their descriptions which makes the 
analogy to true rachitic lesions doubtful. Matti 
(18), however, who in 1912 repeated Klose and 
Vogt’s extirpation experiments on dogs, described 
and pictured in his animals lesions which are un- 
questionably rachitic. Whether these bone changes 
are to be regarded as due to a lack of thymus secre- 
tion, as Matti holds, is another question. 

As regards the effect of thymectomy in animals 
other than dogs, the results, as has been stated, have 
been contradictory. In white rats Klose (19), 
Magnini (20), and Flesch (21) have obtained positive 
results comparable with those of Klose in dogs. 


There is then a massive array of experi- 
mental work in favor of the view that the 
thymus is an essential organ, exerting a con- 
trolling influence upon growth and bone 
formation. In spite of conflicting details 
the importance of the thymus appeared to 
rest on a firm basis. As Lampé (22) has 
said, its “honor seemed to have been re- 
trieved.””’ Unfortunately, a number of 
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workers have quite failed to substantiate 
these positive findings. 


Thus, Nordman (23), operating on dogs between 
the tenth and fourteenth days, using strict asepsis, 
tracheal insufflation, wide exposure of the medias- 
tinum and strict histological control as to the 
completeness of the operation, produced neither 
nutritional or skeletal changes. There was no in- 
creased susceptibility to infection, no correlated 
effects upon sexual glands or spleen; and, contrary 
to the statements of Klose and others, subsequent 
splenectomy in these animals was well borne. 

Howland, McClure, and Park at Johns Hopkins 
University have for several years been working on 
this problem. Their complete results have not 
yet been published, but a preliminary report in 
1914 (24), and recent personal communications 
assure me that they also have obtained negative 
results. They, as well as Nordman, have been alive 
to the importance of keeping their animals under 
hygienic conditions. 

The latest publication on the subject is that of 
Park (25) on guinea pigs. His results in these 
animals were wholly negative, but he shows that the 
almost constant presence of the accessory thymus 
tissue in the guinea pig makes this animal unsuitable 
for a determination of the question as to whether 
the presence of thymic tissue is essential to life. 

My own work on rats (26 and 27), in which 
the thymectomy was performed on very 
young animals, and the completeness of the 
extirpation as well as the absence of accessory 
thymic tissue, controlled by serial sections, 
has convinced me that Klose and his suc- 
cessors are in error so far as the effects of 
thymectomy in this animal are concerned. 
In a fairly large series in which the extirpation 
was complete, and in which no accessory 
thymic tissue could be demonstrated, no 
difference in growth or in bone development 
from control animals of same litter were found. 

Furthermore, I had the opportunity of 
studying rachitic lesions of great severity in 
rats (28), but these occurred not only in 
completely thymectomized animals, but in 

. . . . . I] 
those with partial extirpations, in unoperated 
controls of the same litter, and in unrelated 
animals from the stock cages. This disease, 
long ago accurately described by Morpurgo 
(29), is a spontaneous one, altogether unre- 
lated to the removal of the thymic tissue.! 

1In a recent article Renton and Robertson (J. Path. and Bacteriol., 
1916, xxi, 1) conclude that ——- rickets gives rise to exactly the 
same symptoms as Basch, Klose and Vogt, and Matti attribute to 
thymusectomy . that the removal of the thymus does not 
make the animals more susceptible to spontaneous rickets . 


and that thymusectomy of itself does not appear to cause any 
symptoms.” 
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My personal conviction, therefore, is that 
the loss of the thymus in young animals is not 
of prime importance, and is readily compen- 
sated for in ways that are not yet understood. 
I believe, further, that the disturbances in 
osteogenesis, so frequently emphasized in the 
experimental literature, are best explained 
by the fact that young animals, kept under 
laboratory conditions, are notoriously sus- 
ceptible to rachitis, as well as to intercurrent 
infections, and nutritional disturbances of 
all sorts. Confirmatory evidence that the 
thymus is not concerned in the production 
of rachitic lesions is found on the autopsy 
table. Klose and others are very vehement 
in attributing the negative results of other 
workers to incomplete extirpations, or to the 
presence of unrecognized accessory thymic 
tissue. But in human rickets, thymic tissue 
is always present in abundance, the amount, 
of course, varying with the general state of 
nutrition. Indeed, there are no pathological 
states known in man in which one finds a 
complete absence or destruction of the thymic 
tissue, so that, even if one accepts in their 
entirety the claims of certain experimental 
workers, their results seem to have little 
bearing on human pathology. 


VI. HYPERTHYMIZATION 


The attempts at experimental “hyper- 
thymization” up to the present, have added 
little of fundamental importance. It has 
not been possible to isolate from the gland 
by chemical means substances having a 
definite physiological action. The depressor 
effect which follows intravenous injection of 
thymic extracts has been variously inter- 
preted. Itis probably not specific, and at any 
rate there is not the slightest evidence that 
the thymus im vivo furnishes vaso-depressive 
substances to the circulation. Indeed, it is 
hardly to be expected that injection of 
variously prepared extracts of such a complex 
tissue as the thymus can yield information 
of great value. 

The feeding experiments of Gudernatsch 
(30, 31, and 32), which have received con- 
firmation from the work of Romeis (33), 
Kahn (34), Stettner (35), and others, seem to 
indicate a stimulating influence upon the 
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growth of frog larve, accompanied by an 
arrested differentiation. I was able to ob- 
serve a somewhat similar effect upon the 
regeneration of the tail segments in lum- 
briculus. These effects, however, seem to be 
less clear cut than in the case of thyroid 
extract, which accelerates involution of the 
tadpole tail, and is at the same time toxic. 
At best, such highly artificial and complex 
experiments throw little light on the normal 
function of the gland. 


VII. PATHOLOGICAL CHANGES 


The pathological changes which take place 
in the thymus are, with the exception of the 
tumors, very simple, and may be summed up 
as atrophy and hyperplasia. Aside from 
the atrophy or involution which follows nor- 
mally upon the attainment of sexual matur- 
ity, there occurs in the gland an “accidental 
involution,’ to use Hammar’s term, under 
the influence of the most diverse conditions, 
acute and chronic inanition, infection of all 
sorts and such special forms of injury as the 
X-ray. All these factors bring about, in 
ways that are still obscure a massive destruc- 
tion of the thymus lymphocytes, with 
secondary reaction on the part of the epithelial 
components and connective tissue. 


We have been engaged during the past winter in 
studying the reactions of the thymus lymphocytes in 
vitro (36) to a variety of injurious agencies, in the 
hope of finding some clue to the meaning of this 
extraordinary fragility, and the precise factors which 
bring it about. Many types of injury, such as 
changes in H-ion concentration, asphyxia, starva- 
tion, old age, specific immune sera, various chemical 
agencies could be shown to act harmfully upon the 
cells outside the body; but no hint was obtained as 
to the significance in the organism of this dissolution 
of nuclear material en masse. Here, however, let 
me repeat again, seems to be the most promising 
lead to an understanding of the chemical function 
of the organ. 


VIII. HYPERPLASIA 

The significance of thymic hyperplasia is as 
obscure as its atrophy. One should dis- 
tinguish in principle at least between the 
mere persistence of the gland, or, better, its 
retarded involution, and a true hyperplasia, 
or increase in the number of its elements 
beyond the limit normal for the correspond- 
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ing number for its age. Both conditions 
unquestionably occur. Retarded involution 
follows extirpation in early life, and is 
associated with the retention of other juvenile 
characteristics. It is one feature of that 
peculiar anatomical conformation in adults 
which we designate rather vaguely “status 
lymphaticus.”” I do not think it is the car- 
dinal feature, nor that the thymus is in 
any way concerned, except in so far as its 
persistence into the third or fourth decade 
may be taken as an index of the persistence 
of the juvenile habitus in this type of in- 
dividual. Certainly no proof has yet been 
offered that the gland is in any way concerned 
in the mysterious sudden death which may 
overtake these peculiarly constituted persons. 

A true hyperplasia, in which the weight and 
the amount of the parenchyma exceeds the 
wide normal limits of variation for the par- 
ticular age undoubtedly occurs also. In the 
newborn and in older children one occasionally 
meets with thymi of unusual size. I have, 


for example, seen a gland of 60 grams in a 


newborn, the average weight in full-term, 
healthy infants being from to to 12 grams. 
That such abnormally large glands may 
occasionally give rise to pressure phenomena 
seems probable, and yet the actual proof is 
difficult to bring, and a critical study of the 
casuistic literature upon thymus asthma and 
thymus deaths in young infants makes it 
clear that many of these cases are open to 
other interpretations. Von Sury (37) de- 
serves the credit of pointing out that many of 
the cases of sudden death in young infants 
associated with suffocative attacks and clini- 
cal signs of asphyxia are due in reality to a 
capillary bronchitis. 


My own autopsy experience at the Nursery and 
Child’s Hospital fully confirms this point. In 
older children, when the weights of the glands are 
compared with those of healthy children dying 
suddenly from accidental causes, which alone should 
be taken as a normal standard, it will be found that 
glands of excessive weight are not very frequently 
reported. 


IX. INTERRELATION WITH THYROID 


The occurrence of a true hyperplasia of the 
thymus in the great proportion of cases of 
exophthalmic goiter has come to be recog- 
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nized as a distinctive feature of the disease, 
and the recent tendency has been to make this 
organ share in the production of the symp- 
toms. Among others, Garré (38), von Ha- 
berer (39), and, in this country, Halstead (40) 
have performed partial extirpations of the 
thymus, and report favorable, and in some 
instances remarkable curative results. Never- 
theless, the experimental ground work is 
lacking, and the relations of the thymus and 
thyroid in this disease, and in the healthy 
economy also, are obscure. It would seem 
that the thymus overgrowth is but one feature 
of the general lymphoid hyperplasia, which 
probably represents a reaction to the dis- 
turbed metabolism in this disease. A solu- 
tion of the problem, however, must await 
a more precise knowledge of the chemical 
functions of the lymphoid cells. 

Equally unclear is the significance of the 
thymic hyperplasia frequently observed in 
acromegaly and in Addison’s disease. Ex- 
perimental efforts to show a clean cut relation 
between thymus and adrenals have lead to 
nothing definite. In a large series of thymec- 
tomized rats, both cromaffin tissue and cortex 
were found to be present in normal amount. 


X. RELATION OF THE THYMUS TO GONADS 


I have left to the last the proper subject of 
my review, the relation of the thymus to the 
sexual organs. The facts may be very briefly 
given. Most of the experimental observa- 
tions, for obvious reasons, have been based 
upon study of the male gonads, in which the 
presence of spermatogenesis gives a sharply 
defined criterion of maturity. 

First, as to the influence of thymectomy 
upon the development of the sexual organs. 
The literature on this, as on most other phases 
of thymus physiology, is contradictory. 
Paton (41), in guinea pigs, found that re- 
moval of the thymus was followed by increase 
in the average weight of the testis, amounting, 
in one series, to 46 per cent. Yule (42), 
however, later analyzed these figures by 
statistical methods, and showed that Paton’s 
results might be due to chance variation. 
Furthermore, Halnan and Marshall (42), in a 
large series obtained no such effect, and Soli 
(43), in chickens, rabbits and guinea pigs, 
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found the testicles in the thymectomized 
animals smaller than in the controls, and 
spermatogenesis retarded or absent. Lucien 
and Parisot (44) also found a transient delay 
in the development of the testes. Klose and 
Vogt, in their dogs, observed a transient 
hyperplasia of the testicles, followed by 
atrophy in the cachetic stage. Matti was 
unable to determine any relation between 
thymectomy and the onset of spermatogenesis 

The following table, which is based on a 
study of a small number of thymectomized 
and control rats, indicates no decisive in- 
fluence of thymectomy upon spermatogenesis, 
or total weight of the testicles: 








Wt. of |Size of 
Testi- | Testi- 
cles cles 


Operation Spermatogenesis 


5 | Thymectomy uP 4.5 





No spermatogenesis 





Thymectomy? 12.0 | No spermatogenesis 





Control 7 6.5 | No spermatogenesis 








More mitotic figures than 
A3 and A4 





Thymectomy? Spermatogenesis 








Thymectomy! 


Spermatogenesis 
Control 


Spermatogenesis 





Thymectomy? Active spermatogenesis 





Thymectomy! No spermatogenesis 





Thymectomy? Active spermatogenesis 





1.425 Active spermatogenesis 








1.664 


1.130 


Control Active spermatogenesis 





Thymectomy! Fairly active spermatogen- 


esis 





Control 0.605 Fairly active spermatogen- 


esis 





0.180 No spermatogenesis 


79 | Thymectomy! 




















79 | Control °.206 No spermatogenesis 





1Incomplete extirpation. 2Complete extirpation. 


I have found but one reference to the con- 
dition of the ovaries after thymectomy. 
Valtorti (45), 1909, states that removal of the 
thymus in rabbits is followed by degenerative 
changes in the ovary; namely, a scarcity of 
primitive follicles in the outer zone, and re- 
gressive changes in the follicles in the inner 
zone. These alterations which made the 
ovaries functionally insufficient were regarded 
as merely accompanying the general malnu- 
trition of his animals. 

Hewer (46) has recently attempted to 
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demonstrate a reciprocal relationship be- 
tween thymus and gonads by the use of the 
X-rays. She found that irradiation of the 
thymus region alone was followed by de- 
generative changes in the testes, with delay 
in the time when copulation was begun. 
The ovaries were not structurally affected. 
On the other hand, irradiation of the gonads 
was followed by alterations in the structure of 
the thymus; namely, the appearance of Hassal 
bodies, which, according to her, are not nor- 
mally found in the rat thymus. 

Without attempting here a detailed analysis 
of this work, one may bring forward certain 
obvious criticisms. Only small series of 
animals were studied, and the controls were 
conspicuously few. The appearance of Has- 
sal bodies after irradiation of the testes, upon 
which much, emphasis is laid, is of doubtful 
significance. Hypertrophic cell complexes 
and occasional fully concentrically structured 
Hassal bodies occur, though sparingly, in the 
normal rat thymus. Furthermore, glands 
are described as hypertrophic, atrophic, and 
normal without giving weights or compari- 
sons with controls. It does not appear to the 
writer that conclusions can be drawn from 
the data presented, in view of the normal wide 
variations. 

Much greater certainty exists as regards the 
effect of early castration upon the thymus; 
and the numerous experiments of Henderson, 
(47) Goodall and Paton (48), Calzolari (49), 
Ranzi and Tandler (50), Gellin (51), Halnan 
and Marshall (42) are in substantial accord. 
There occurs regularly, following removal of 
the gonads before sexual maturity, a much 
delayed involution of the thymus, so that the 
glands are enlarged in comparison with non- 
castrated controls of the same age. Valtorti 
found the same thing to occur after removal 
of the ovaries in young rabbits. His experi- 
ments, however, were not adequately con- 
trolled. 

Nothing definite is known as to the possible 
mechanism which controls this relationship. 
It may be said, however, that in general the 
development of the thymus and the lymphatic 
tissue runs parallel to the general nutrition. 
Healthy, well-fed animals have large glands, 
diseased, ill-nourished ones have atrophic 
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thymi. It may well be that the large size of 
the gland in castrated animals is related to the 
tendency of these animals toward obesity or 
over-nutrition, and is not to be taken in the 
sense of specific correlation of function. 
Eventually even in the castrated animal, the 
gland undergoes its normal involutional 
changes. 

One is so accustomed to regard the thymus 
as an organ, the importance of which is largely 
restricted to the growth period, that the re- 
cent publications of Fulci (52) evoke consider- 
able surprise. Fulci reports that pregnancy 
in rabbits accelerates the regression of the 
thymus, but that after the birth of the young 
there takes place a distinct renewal of 
growth. Bompiani (53) further claims that 
lactation inhibits this regeneration. Observa- 
tions of human cases are lacking, and I fear 
that it will prove difficult, for various reasons, 
to bring such confirmation. 


SUMMARY 


There are many points of interest in con- 
nection with the thymus which I have not 
attempted to discuss above, but it is doubtful 
whether even the most detailed scrutiny of 
the enormous literature would lead us to more 
satisfactory conclusions. The fundamental 
problems of thymus physiology remain un- 
solved, and the established facts, which 
concern chiefly the normal and abnormal 
structure of the gland, are not such as lend 
themselves to clinical application. 
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THE ENDOCRINE FUNCTION OF THE PANCREAS AND ITS RELATION TO 
THE SEX LIFE OF WOMEN 


By A. J. CARLSON, Pu.D., Carcaco 


covered that complete extirpation of the 

pancreas in the dog produces fatal dia- 

betes. This has been abundantly con- 
firmed on all species of vertebrates so far 
investigated. The attempts of Pflueger and 
others to show that the diabetes following 
removal of the pancreas is due, not to the 
absence of the pancreas, but to injury to the 
duodenum and nerves connecting the pan- 
creas with the rest of the viscera, must be 
considered a failure. The original conclu- 
sion of von Mering and Minkowski is definite- 
ly established: the complete or nearly com- 
plete loss of’ the pancreas results in fatal 
diabetes. The more recent investigations 


|" 1889 von Mering and Minkowski dis- 








of the condition of the pancreas in clinical 
diabetes (Ssobolew, Opie, Visentini, and 
others) have shown that in severe diabetes 
or in deaths in diabetes, there is usually more 
or less degeneration of the pancreas, es- 
pecially in the island tissue. The conclu- 
sion that the pancreas is absolutely essential 
to life and to carbohydrate metabolism is 
thus based both on experimental and clinical 
data. This conclusion is established beyond 
a doubt. 


I. THE ISLANDS OF LANGERHANS 
The part of the pancreas concerned in 
this function appears to be essentially the 
islands of Langerhans. This seems to be 
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demonstrated by the following facts: (1) Loss 
of the external pancreatic secretion (by per- 
manent fistula of the pancreatic ducts) does 
not induce diabetes. (2) Ligation of all the 
pancreatic ducts leads ultimately to com- 
plete degeneration of all the pancreas tissue, 
except the islands of Langerhans, at least in 
animals like the rabbit and guinea pig. Such 
animals with only islets do not develop dia- 
betes unless these remnants of the pancreas 
are extirpated. (3) In clinical diabetes the 
pancreas lesions usually involve the islets. 
Despite these facts the view that the entire 
pancreas tissue is concerned in the mainte- 
nance of the capacity of the tissues to oxidize 
the carbohydrates is still maintained by some 
clinicians and biologists (cf. Lombroso). This 
view finds its strongest support in the fact 
that human diabetes may reach a fatal issue 
while there still remains an abundance of ap- 
parently normal island tissue in the pancreas, 
as determined histologically. It is possible, 
however, that normal function is reduced or 
lost before anatomical or chemical degenera- 
tion of the cells reach such magnitude that 
they can be detected by the microscope. 
This theory of identity of the function of the 
entire pancreas was also supported by the 
work of Dale, Vincent and Thomson, and 
others, which appeared to show that the islets 
represented only stages of fatigue or rest 
of the ordinary pancreas tissue. Laguesse, 
Bensley, and others have shown that this is 
untenable. While the islets and acini de- 
velop from the same embryological anlage 
(the cells of the ducts), when finally differen- 
tiated, they show constant and _ specific 
structural and chemical characteristics, evi- 
dently indicating specificity of function. 
And there is no foundation for the view that 
the one tissue is or can be transformed into 
the other. 


The number and size of the islets vary greatly in 
different species, as well as in individuals of the 
same species. In some fishes they are macroscopic 
(5x14 mm.). In man the islets have been estimated 
to make up one-twenty-fifth to 1 one-hundredth 
part of the entire pancreas tissue, or a total of 2 or 3 
grams. In normal animals (dog) five-sixths of the 
total pancreas can be removed without inducing 
diabetes, so that the ‘‘factor of safety”’ is very great. 
The total number of islands in mammals appears 
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to be fixed at or rather before birth (Bensley). 
The island tissue is made up of two distinct 
types of cells, showing specific staining reactions, a 
less abundant alpha type, and a more numerous beta 
type (Lane and Bensley). According to Homans it 
is the beta cells that show degenerative changes in 
diabetes. 

The islets develop from the undifferentiated duct 
cells and may or may not retain this original con- 
nection with the ducts, but in either case the blood 
supply of the islets is greater than to the rest of the 
pancreas tissue. In this respect the islets resemble 
the adrenals and the thyroids. In fact, blood sin- 
uses similar to those of the adrenals have been de- 
scribed in the islets (DeWitt). 

The islets are also abundantly. supplied with 
nerve-fibers. Groups of ganglion cells are also dis- 
tributed in the body of the pancreas. The function 
of the nerves distributed to the islets are unknown. 
Some of them are undoubtedly vasomotor nerves, 
but others form a network between or around the 
islet cells, which appears to indicate a secretory or 
reflex function. 


II. EXPERIMENTAL PANCREATIC DIABETES 

Extirpation of the whole or more than six- 
sevenths of the pancreas leads to fatal dia- 
betes in all animals. In birds pancreatec- 
tomy leads to hyperglycemia and death, 
but there is said to be little or no glycosuria, 
because of the relative impermeability of the 
renal epithelium of birds to sugar. Following 
the fundamental discovery of pancreatic 
diabetes by von Mering and Minkowski in 
1889, a tremendous amount of work has been 
done to elucidate the nature or mechanism 
of this diabetes (cf. Allen, 1914). The fol- 
lowing facts are established: 


1. Hyperglycemia and glycosuria appear within 
a few hours after pancreatectomy and, together with 
polyuria and polydipsia, persist till shortly before 
death, even when no food is given. If the hyper- 
glycemia of clinical or experimental diabetes is 
sufficiently marked the sugar appears in the saliva, 
gastric and pancreatic juice and in the bile. 

2. The liver and the muscles become practically 
free from glycogen, but the essential factor appears 
not to be to inability to store glycogen (alimentary 
glycosuria) but a greatly diminished capacity, if not 
complete inability to oxidize the sugar. The respira- 
tory quotient is therefore low. Nishi states that 
perfusion of the liver of pancreatectomized turtles 
with Ringer+glucose solution leads to some storage 
of glycogen in the liver cells. 

3. There is marked polyphagia and generally a 
striking increase (15 to 20 per cent) in the total 
metabolism per unit of body weight. There is no 
rise in the respiratory quotient after giving glucose or 
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fructose. The increased excretion of the acetone 
bodies parallels the increase in the D:N (dextrose- 
nitrogen) ratio. 

4. There is a tendency to uremia and usually 
some acidosis and ketonuria, but these symptoms of 
diabetes are, at least in the dog, not as marked as in 
clinical diabetes, and the completely pancreatec- 
tomized animals die apparently from extreme inan- 
ition or from intercurrent infections rather than in 
diabetic coma due to acidosis. 

5. When the pancreas remnant is too small to 
maintain normal sugar tolerance and metabolism, 
the pancreas rest is more likely to undergo gradual 
atrophy than to show hypertrophy, with the end- 
result of absolute and fatal diabetes (Sandmeyer). 
The incomplete diabetes in animals following ex- 
tirpation of more than 85 per cent of the pancreas 
can apparently be intensified and the appearance 
of complete diabetes and death hastened by a liberal 
carbohydrate diet (Thiroloix, Allen). 

6. Complete pancreatectomy leads to death in 
3 to 6 weeks, in the case of dogs, irrespective of the 
age of the animal, while diabetes mellitus is usually 
more rapidly fatal in children than in adults and old 
people. 

7. The persistent hyperglycemia and glycosuria, 
and the low respiratory quotient, show that the 
pancreatectomized animal burns practically no sugar 
yet the study of the sugar oxidation capacity of the 
blood and of individual tissues like the skeletal 
muscles, and the heart have so far revealed no dif- 
ference between the normal and the diabetic ani- 
mal (Claus and Embden, MacLean, McGuigan, 
Patterson and Starling, Macleod and Pearce). 
The respiratory quotient of the dog’s heart averages 
0.71 irrespective whether the heart is that of a dia- 
betic or a normal dog (Starling and Evans). 

Certain other features of experimental pan- 
creatic diabetes may be noted. Epstein and 
Bachi claim that there is an increase in the 
blood volume (plasma) in dogs and cats 
after pancreatectomy, irrespective whether 
the animal is fed. Hoskins and Gunning 
state that in dogs after complete pancreatec- 
tomy the blood pressure remains either nor- 
mal or somewhat depressed. Reaction to 
adrenalin is usually augmented, to nicotine 
variable but usually depressed. There is no 
evidence that the pancreas normally exerts a 
depressive action on the sympathetic nervous 
system. They found no evidence of increase 
in the adrenalin content of the adrenals after 
pancreatectomy. There is some increase in 
the amount of fat in the blood. 

Verzar and Fejer claim that administration of 
glucose during the first three or four days after 
pancreatectomy raises the respiratory quotient. 
This, if true, would indicate that the pancreas hor- 
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mone persists in the blood and the tissues for several 
days. This isimprobable. It must be remembered, 
however, that all the sugar of the food or from the 
endogenous protein metabolism does not appear in 
the urine even in animals and patients showing the 
D:N ratio of 3.65 to 1, which Lusk has designated 
as the index of absolute diabetes. It is not known 
what becomes of the retained sugar. In diabetic 
patients ‘‘the respiratory quotient fails to account 
for all the carbohydrates that disappear in the 
body” (Allen and DuBois). 


Attempts have been made to explain the 
glycosuria of diabetes by the increased rate 
of liberation of the sugar from some hypothet- 
ical sugar + protein or sugar + colloid com- 
binations in the blood. The recent dialysis 
experiments of Van Hess and McGuigan seem 
to indicate that all the sugar in the blood is 
present in simple solution; that is, in free form, 
but more recently McGuigan has come out in 
support of the theory of Lepine, namely, that 
part of the blood sugar is normally in a poly- 
saccharide state. 

The carbohydrate tolerance varies greatly 
in different species. It is very low in the 
pig and the sheep (Carlson and Drennan, 
Hunter, and Hill). In normal persons 
400 to 500 grams of glucose may be given by 
mouth without inducing polyuria or glycosuria 
(Taylor and Hilton). In normal men and 
animals the oxidation of sugar is increased in 
proportion to the quantity of sugar given 
intravenously up to a very high limit (Wood- 
yatt). 

The endeavor to determine how absence 
of the pancreas causes diabetes is practically 
a record of repeated failures. The leading 
idea in all this work has been the internal 
secretion theory, or that the pancreas yields 
some substance to the blood in some way 
necessary for the oxidation of the sugar by the 
tissue cells. But in the absence of conclusive 
demonstration of internal secretion the pos- 
sibility that the work of the pancreas in main- 
taining normal sugar metabolism consists of 
detoxication processes must always be kept 
in view. The fact that even temporary gly- 
cosuria is not induced in normal animals by 
diabetic blood does not render the detoxica- 
tion hypothesis untenable. 


The method of attack introduced by Cohnheim 
has not yielded consistent results (Claus and Emb- 
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den, McGuigan). In thelight of the findings of Levene 
and Mayer the method itself is called in question, 
as it appears that in a mixture of muscle extract 
and pancreas extract glucose is polymerized, not 
oxidized. No light on pancreatic diabetes has so 
far been shed by studying the sugar oxidizing power 
of tissue débris, or tissue extracts. 


A. ATTEMPTS TO CONTROL 
DIABETES 

1. Feeding pancreas or pancreas extracts. 
Feeding dogs in complete or partial pancreatic 
diabetes with fresh pancreas increases the 
glycosuria and acidosis (Sandmeyer, Pflueger, 
Luethje, Beach, Rosenburg, Kirk). Cooked 
pancreas gives negative results. Feeding of 
raw muscle, liver, or other tissue extracts 
have the same unfavorable influence on the 
glycosuria and ketonuria. Ausset, and par- 
ticularly Pratt, Spooner and Murphy report 
good effects from feeding pancreas in partially 
diabetic dogs, but the improvement in the 
carbohydrate tolerance was slight, variable, 
and practically negligible. 

According to Massaglia, feeding pancreas 
extract to guinea pigs with experimental 
reduction of the pancreas reduces or prevents 
the alimentary glycosuria following carbo- 
hydrate food. He advocates the use of pan- 
creas extract in mild cases of human diabetes. 

2. Injection of pancreas extracts. Subcu- 
taneous or intraperitoneal injections of ex- 
tracts of the pancreas variously prepared 
may cause a temporary diminution of the 
glycosuria in diabetic animals (Caparelli, 
Vanni, Tiberti and Fanchetti, Minkowski, 
Hedon, Scott, Allen, Murlin and Kramer, 
and others). But this temporary diminution 
of the output of sugar in the urine is associated 
with the toxic effects of these extracts, such as 
depression, fever, etc., and McGuigan has 
recently shown that anything which causes 
marked systemic depression (such as injec- 
tion of proteoses) leads to hypoglycemia, and 
will thus temporarily diminish glycosuria, if 
present. Thus Underhill reports diminution 
of glycosuria in dogs by hydrazine. The after 
effects of pancreas extracts given to diabetic 
animals are a general increase in the glycosuria 
and ketonuria (Leschke). Knowlton and 
Starling, and MacLean and Smedly reported 
that the sugar oxidation of the heart from 
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a diabetic animal is almost nil, and in any 
event much less than that of a heart from a 
normal animal. But further work has shown 
these results to be due to faulty technique 
(Patterson and Starling). Extracts of the 
pancreas added to the perfusion solution has 
no effect on the respiratory quotient of the 
diabetic heart (Starling and Evans). There 
is no evidence that any extract of the pancreas so 
far prepared has increased the power of a dia- 
betic animal or patient to oxidize sugar. 

3. Blood transfusion. If the pancreas 
controls the oxidation of sugar in the tissue by 
a hormone or hormones, these must be present 
in the blood, and unless they are extremely un- 
stable or present in very minute traces, it 
should be possible to increase temporarily 
the sugar oxidation in diabetic animals and 
patients by transfusion of normal blood in 
sufficient quantities. But the results ob- 
tained by this method are both conflicting 
and difficult to interpret. 


Lepine reports a temporary diminution in the 
output of sugar in the urine, but no diminution in 
the blood sugar. This would seem to point to some 
injurious action of the foreign blood on the kidneys 
a suggestion also advanced by Hedon, but Rabens 
has shown that transfusion of normal blood into 
diabetic dogs does not influence the output of any 
of the urinary constituents except the sugar. Hess 
injected intravenously 50 to 150 cubic centimeters 
of blood from diabetic dogs into normal dogs (on 
the theory that diabetic blood might stimulate the 
pancreas to a greater output of internal secretion) 
and nine to fourteen hours later he injected the 
serum from this animal into diabetic dogs. The 
influence on the glycosuria of the diabetic animal 
was slight or inconstant. In view of the results of 
Drennan, it seems likely that in the experiments of 
Hess the pancreas hormone in the blood was de- 
stroyed by the delay in centrifuging the blood. 
Alexander and Ehrmann injected blood from the 
pancreatic duodenal vein of normal dogs in diabetic 
dogs, but obtained no definite or constant decrease 
of the glycosuria. 

Drennan injected 50 to 150 cubic centimeters of 
fresh defibrinated dogs’ blood into the veins of dia- 
betic dogs and invariably obtained a temporary 
lowering of the urine sugar and D:N ratio. De- 
fibrinated sterile blood loses this action on standing 
for a few hours. The course of the blood sugar in 
the injected animals was not studied. Hedon has 
reported a very extensive series of blood transfusion 
in diabetic dogs. Direct transfusion from a normal 
dog into a diabetic dog previously bled dry causes 
a temporary lowering of the blood sugar and de- 
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crease or complete suppression of the glycosuria, 
but since the same results were produced when blood 
from a diabetic dog was transfused into another 
diabetic dog, Hedon concludes that the temporary 
diminution of the hyperglycemia and _ glyco- 
suria following the transfusion were not due to 
any specific pancreas secretion in the blood but to 
a lowering of the blood sugar by dilution and to a 
toxic action of the foreign blood on the kidneys. 
Hedon concludes that the internal secretion of the 
pancreas acts on and is absorbed by the liver, and is 
therefore not present in the blood of the systemic 
circulation. Hedon attempted to obtain evidence 
in support of this view by introducing a living pan- 
creas in the systemic and in the portal circulation of 
diabetic dogs. With the living pancreas inter- 
posed in the portal circulation the hyperglycemia 
and glycosuria were diminished, but interposed in 
the general circulation the pancreas had no effect. 
We do not think that these later results of Hedon 
can be accepted, in view of what is known concern- 
ing the carbohydrate metabolism in dogs with 
Eck fistula. In the animal with the Eck fistula the 
internal secretion of the pancreas, if there is one, 
must pass into the general circulation, and only a 
small part of it can reach the liver by way of the 
hepatic artery, just as in Hedon’s diabetic dogs with 
the living pancreas from another dog interposed in 
the general circulation; yet the Eck fistula dog does 
not develop diabetes. 

Murlin and Kramer have recently reported one 
experiment with transfusion of normal blood into a 
diabetic dog, using the respiratory quotient as a 
measure of sugar oxidation. The average respira- 
tory quotient for two one-hour periods before the 
transfusion was 0.678; for four one-half hour periods 
after transfusion 0.700. No conclusion can be 
based on the result of a single experiment, but so 
far as they go in this case, the transfusion raised the 
respiratory quotient. 

Carlson and Ginsburg found that the transfusion 
of normal blood into dogs in complete pancreatic 
diabetes without anesthesia or previous hamor- 
rhage causes a temporary (4 to 8 hours) lowering 
of the hyperglycemia and the glycosuria. Similar 
transfusions of diabetic blood into diabetic dogs 
have no effect on the hyperglycemia. There was 
no indication in our results that the sugar retained 
by the animal in consequence of this temporary 
lowering of the sugar excretion by the kidneys is 
subsequently eliminated by the kidneys as an excess 
sugar. 

The blood transfusion as such does not impair the 
activity of the kidneys in any demonstrable way, 
either in diabetic or in normal dogs. The temporary 
lowering of the glycosuria of pancreatic diabetes by 
transfusion of normal blood is due to the diminished 
hyperglycemia, not to kidney injury, but it remains 
to be demonstrated that this retained sugar is ac- 
tually oxidized by the tissues. The sugar might be 
eliminated into the digestive secretions and destroy- 
ed by the bacteria of the digestive tract. 


FUNCTION OF 


THE PANCREAS 287 

Perfusing the living heart (dog). With Locke’s 
solution previously perfused through a living pan- 
creas, A. H. Clark has recently reported a series of 
experiments which seem to indicate that the living 
pancreas yields a substance (ferment) to the Locke’s 
solution which enables the heart to oxidize as well 
as to condense the dextrose of the perfusion fluid. 
This pancreatic substance is destroyed by boiling, 
and quickly loses the activity on standing, as pre- 
viously reported by Drennan. 

4. Parabiosis. Experimental symbiosis or 
parabiosis of two mammals is accomplished 
usually by union of the skin and abdominal 
walls of two sisters or brothers. It was 
originally thought that such a union of two 
animals would lead to a direct vascular con- 
nection between the two, but it is now known 
that this is not the case. There is no fusion 
of the capillary system of the two animals in 
the region of the tissue union. But the cap- 
illary system of the two animals are in such 
close contact that chemical substances in- 
jected into one animal soon appear in the 
blood of the other animal. On the basis of 
this fact one may reasonably expect that the 
blood hormones of one animal would find 
their way into the body fluids of the other 
animal. 

On this theory Forsbach extirpated the 
pancreas in one member of two such parabi- 
oti¢ pairs (dogs). In each case a slight tem- 
porary glycosuria appeared in both animals. 
But because of accidents both experiments 
were terminated before definite results were 
obtained. 

5. Pregnancy. It was shown by Pearce 
that the islets of the pancreas appear early 
in foetal life. No diabetes or glycosuria ap- 
pears in human infants born two or even 
three months before term. This would seem 
to show that the pancreas hormones become 
of functional importance to the foetus a con- 
siderable time before the end of gestation. 
On the basis of these facts Carlson, Drennan, 
Orr, and Ginsburg made complete pancreatec- 
tomy in pregnant bitches near term. Jn all 
cases where the operation is not followed by 
abortion, the blood sugar and the urine remain 
normal until the pups are born, or removed by 
cesarean section. Complete pancreatectomy 
in bitches in early pregnancy leads to abortion 
or at least to death of the foetus, in one or 
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two weeks and the course of the diabetes is 
not influenced. 

This absence of diabetes may be due either 
to the pancreas hormones of the foetuses pass- 
ing into the mother’s blood or to some detoxi- 
cating action on the part of the foetal pancreas. 

There is a seeming discrepancy between 
these results on pregnant dogs and the 
usual clinical experience on the effects 
of pregnancy on the course of diabetes 
in women. The clinical reports are nearly 
unanimous on the point that pregnancy 
augments the diabetic symptoms, and hence 
the practice to terminate the gestation in 
diabetic mothers. But Eshner reports a case 
in which the diabetes (glycosuria ?) of 2 or 
3 years’ standing diminished to almost com- 
plete disappearance of sugar from the urine 
during a pregnancy, and the diabetes reap- 
peared in its original severity shortly after 
the delivery of a full-term but stillborn child. 
Fellner suggests that the glycosuria of preg- 
nancy is due to the action of the ovaries 
(hormones) on the liver, the pancreas, and 
the thyroid. 

6. Transplantation of the pancreas. Most 
of the transplantations of the pancreas have 
been mere dislocation of a portion of it, the 
usual method being the transplantation of the 
tail of the pancreas with its circulation intact 
to other parts of the abdominal cavity, or 
even under the skin of the abdomen. If a 
sufficient quantity of the pancreas is thus 
dislocated or thus transferred, and care is 
taken to retain the circulation in good condi- 
tion, at least for a time, the remainder of the 
pancreas may be extirpated without inducing 
diabetes (Theroloix, Hedon, Lombroso, Min- 
kowski). But in most cases even these trans- 
plants show a tendency to atrophy with a 
gradual onset of diabetes and ultimate death 
in complete diabetes. The external fer- 
ments of the pancreas are probably responsible 
for this gradual necrosis of the graft. There 
is no record in the literature of transplanta- 
tion of pure island tissue. There is certainly 
greater hope of success with such tissue than 
with the entire pancreas. Pflueger failed to 
influence the diabetes of depancreatized frogs 
by inserting pieces of the pancreas under the 
skin or in the peritoneum. Pratt reports 
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the case of one pancreas transplant into the 
spleen (dog) that retained its function (ab- 
sence of diabetes) for six months. 


III. THE RELATION OF PANCREATIC DIA- 
BETES IN ANIMALS TO CLINICAL DIABETES 


In their essential features experimental and 
clinical diabetes are practically identical. 
There is the same impairment of power to 
burn sugar, the identical hyperglycemia, ten- 
dency to acidosis, lowered resistance to infec- 
tion, polyphagia, etc. The two types of 
diabetes are influenced in the same direction 
by dietetic and therapeutic measures (Allen). 
All the evidence points to the view that actual 
diabetes mellitus in man is primarily due to 
deficiency in pancreatic hormones. This 
does not apply to the various glycosurias 
(adrenalin, nervous, alimentary, postopera- 
tive, etc.) that do not involve impairment of 
sugar oxidation. 


The main points of difference between experi- 
mental diabetes in animals like the dog and clinical 
diabetes mellitus in man are a lower D:N ratio 
and a greater increase of total metabolism, less aci- 
dosis and an increase of total metabolism in experi- 
mental diabetes, together with the fact that human 
diabetes frequently ends with death before there is 
any pronounced degeneration in the island tissue, 
as determined by histological methods. It would 
seem that, in the absence of intercurrent infections, 
the human diabetic patient dies from acidosis; the 
dog with complete loss of the pancreas dies from 
extreme inanition. 


IV. ADMINISTRATION OF PANCREAS PREPARA- 
TION IN CLINICAL DIABETES 


1. Administrations of pancreas prepara- 
tions by the mouth. Some of the earliest 
attempts to treat diabetes mellitus organo- 
therapeutically were by the administration 
of the pancreas by the mouth. It was early 
largely abandoned, for the results were prac- 
tically negative (Mackenzie, Wood, White, de 
Cerenville, Willis, Williams, Rennee and 
Fraser, Pratt, Wood, Marshall). 

A few writers (Wegele, Meyer, Cowles, Eustis) 
have reported favorable results. Some of these 
reports contain only impressions; in others the glyco- 
suria seemed dependent upon an infection, and varied 
so much in severity that it is difficult to determine 
what, if any, effect the treatment had. In.Cowles’ 
case the diabetes had followed an abscess of the 
pancreas; marked and rapid improvement is stated 
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to have followed the eating of one to six raw pan- 
creases of calves daily; after discontinuing the treat- 
ment the patient became rapidly worse and died. 

Rennee and Fraser administered the islands of 
Langerhans obtained from fish of certain species in 
which they occur separately, i.e., distinct from the 
pancreas proper, to a number of diabetics; the re- 
sults were negative. 

Sewall found in the earlier stages of one case of 
youthful diabetes that the urine could be made free 
of sugar by the administration by mouth of infu- 
sions of raw lean beef followed after some hours by 
one of pancreas; neither alone was efficacious, and 
after some months the combined treatment failed. 
The method was ineffective in a number of other 
cases. No good results attended the use of the com- 
mercial pancreatic powder. 

Under the influence of the first report of Knowlton 
and Starling on the effect of pancreas extract on the 
sugar consumption of the diabetic heart, Eustis 
administered 10 to 20 grains of ‘“‘an active extract 
of the pancreas”? every four hours on an empty 
stomach in four cases of diabetes. He reports 
diminution of the glycosuria in two of the patients, 
and no effect in the others. 


There is, however, according to Falta a 
small group of cases of human diabetes in 
which the administration of pancreas by the 


mouth give good results; this is the result of 


supplying the external and not the internal 
secretion of the gland. Falta refers to those 
cases in which the pancreas is diseased, so 
that there is no longer an adequate secretion 
of pancreatic juice into the intestine; this 
occurs most frequently when lithiasis causes 
complete obstruction of the pancreatic duct. 
In such cases Falta states that the administra- 
tion of large doses (10 grams daily) of pan- 
creatin gives excellent results; calcium car- 
bonate is given at the same time. 

2. Subcutaneous and intravenous injections 
of pancreas preparations. A number of at- 
tempts have been made to treat diabetes by 
subcutaneous and intraperitoneal injections 
of extracts of pancreas, with negative or in- 
jurious results. The favorable results re- 
ported by some of the earlier clinicians were 
shown by Pflueger and Leschke to be wholly 
inconclusive. The more recent attempt of 
Zuelzer to treat the disease by the intravenous 
injection of a “pancreas hormone” was shown 
by von Fuerth and Schwarz to be based upon 
a very unsatisfactory theory, and by Forsch- 
bach to be positively dangerous. 

Gilbert and Carnot and von Noorden have 
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attempted to control diabetes mellitus with 
administration of liver preparations. 

Blood transfusions. Raulston and Wood- 
yatt appear to have been the first to try blood 
transfusion as a practical therapeutic measure 
inman. The patient was a man in the thirties, 
the diabetes of several years’ standing with 
periods of threatening coma. The blood 
(500 cubic centimeters) was yielded by a 
two-year older brother of the patient. The 
experiment was well controlled. The blood 
transfusion augmented all the diabetic symptoms 


for several days following the operation. 


V. THE RELATION OF OTHER ENDOCRINE 
GLANDS AND ORGANS TO EXPERIMENTAL 
AND CLINICAL DIABETES 

In 1908, Eppinger, Falta and Rudinger 
advanced the theory that diabetes is not due 
primarily to the hypofunction of any one 
endocrine gland (e.g., the pancreas) but to 
a disturbance of the hormone equilibrium of 
all the glands, particularly that of the pan- 
creas, thyroid, adrenals and _ hypophysis. 
The specific influence on carbohydrate metab- 
olism of hypo- and hyperfunction of the 
adrenals, thyroid and hypophysis will be 
discussed in the articles dealing with these 
glands. It now remains to consider whether 
the hypo- or hyperfunction of any other organ 
beside the pancreas are capable of so reducing 
the capacities of the tissues to oxidize sugar 
that true diabetes follows. A critical analy- 
sis of the entire literature, experimental and 
clinical, seems to warrant the following con- 
clusions: 

1. Hypo-activity of the thyroid, the hypophysis, 
and the gonads may slightly increase carbohy- 
drate tolerance, although further studies should be 
made on this question by more accurate methods of 
measuring sugar oxidizing capacity. This may be 
in reality a thyroid factor, as there is some indication 
of hypertrophy of the islets, at least after thryoidec- 
tomy. 

2. Excessive administration of epinephrin, thy- 
roid extract, and possibly hypophyseal extract may 
induce temporary hyperglycemia and glycosura, due 
to increased sugar mobilization. But there is no 
evidence that this glycosuria is or passes into true 
diabetes, that is, lowered power to burn sugar, in the 
absence of a direct pancreas depression. This 
applies also to disturbances of the nervous system. 

3. The specific influence of the hypo- or hyper- 
activity of the adrenals, thyroid and hypophysis on 
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the islets of the pancreas cannot at present be defi- 
nitely formulated, but it is obvious that organs as 
necessary to life or to normal life as the parathyroids, 
the adrenals, the hypophysis, and the thyroid will 
affect the vital processes of the islet tissue, at least 
indirectly, through the general disturbance of metab- 
olism and the circulation. 


After a careful experimental and critical 
review of the entire question Allen stated 
recently that the ‘‘ polyglandular equilibrium 
doctrine of diabetes has consisted from the 
first of ingenious but unfounded speculations.” 
We are in entire accord with this conclusion. 

The attempt of Pflueger to show that dia- 
betes is due, not to hypofunction or loss of the 
pancreas, but to interference of nervous 
reflexes from the pancreas to the duodenum 
and the liver has already been referred to. 
Any general reflex theory of diabetes is un- 
tenable in view of the fact that every organ so 
investigated continues to oxidize sugar after 
complete denervation. The loss of the capa- 
city to burn or to synthetize carbohydrates is 
essentially a hormone disturbance, not a 
reflex disturbance. 


Other workers have pointed to the probable im- 
portance, direct or indirect, of the gastro-intestinal 
tract in diabetes. Case has recently reported a 
striking parallel between the severity of clinical dia- 
betes and the degree of ilial stasis. If the ilial 
stasis is a primary factor this would point to in- 
testinal intoxication depressing the pancreas as a 
contributory factor in diabetes. 

The administration of sodium carbonate reduces 
temporarily the glycosuria of depancreatized dogs. 
This fact has led Murlin to suggest that the dia- 
betes following extirpation of the pancreas may be 
due, in part, to the unneutralized hydrochloric acid 
of the stomach secretion. Murlin and Sweet have 
removed the stomach in depancreatized dogs, and 
find that the glycosuria is less severe than with the 
stomach intact. But such animals are probably 
more depressed than cases of simple pancreatec- 
tomy and the low output of sugar may be due to 
this condition. 


VI. THE RELATION OF THE PANCREAS TO THE 
SEX LIFE OF WOMEN 

1. Diabetes and menstruation. Diabetes 
tends to produce impotence and loss of the 
sex urge both in men and women. In women 
diabetes of marked severity causes amenor- 
rhoea, sterility, premature menopause, and 
atrophy of the uterus. In general the depres- 
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sion of the sex life is proportional to the sever- 
ity of the diabetes. Von Noorden states 
that menstruation in diabetic women is 
variable. It may be normal, but is usually 
decreased. In some women amenorrhoea 
may set in early in diabetes, while in others 
menstruation may persist until late stages of 
the disease. The same author states that the 
sexual desire is usually decreased in diabetes, 
but in elderly women it may be temporarily 
increased. 

These changes in the sex life of women by 
the diabetic condition are probably due to 
impairment of tissue oxidation, and not to a 
direct or specific relation of the pancreatic 
islets to the gonads. At any rate, there is no 
distinct influence of gonadectomy on the 
pancreas. Marshall’s review of the litera- 
ture shows that there is no constant reduction 
in the total metabolism, or change in tissue 
oxidation after castration and spaying. 
Stolper claims, however, that 25 grains of 
dextrose given by mouth causes glycosuria in 
spayed rabbits but not in normal rabbits. 

2. Diabetes and pregnancy. Statistics seem 
to show that diabetes is more frequent in men 
than in women. Diabetes is also more fre- 
quent in people past forty years of age. We 
have seen that diabetes tends to suppress 
sex life. These facts operate to render preg- 
nancy in diabetic women a relatively rare 
phenomenon. Nevertheless, many cases of 
pregnancy in partially diabetic women have 
been recorded. By the law of chance, we 
should expect occasional cases of diabetes 
developing during pregnancy, irrespective of 
the influence of pregnancy on the pancreas. 

a. The glycosuria of pregnancy. All clinical 
workers agree that glucose frequently (1 to 
4 per cent) appears in the urine of pregnant 
women, otherwise normal, especially toward 
the end of gestation. Bayer and Reichen- 
stein report that 30 to 80 per cent of pregnant 
women show an alimentary glycosuria after 
receiving only roo grams of glucose by mouth. 
This seems to indicate a lowered sugar toler- 
ance in pregnancy that may be due to im- 
pairment of the pancreatic islets. Bayer’s 
conclusions are questioned by Scherokauer. 
The question of sugar tolerance in pregnancy 
should be settled definitely by the more ac- 
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curate method of Woodyatt. Veit thinks 
that the glycosuria of pregnancy is due to liver 
injury from the absorption of placental mate- 
rial. Veit’s conclusion is based in part on 
animal experiments. The glycosuria of preg- 
nancy has also been ascribed to an alleged 
excess of epinephrin in the blood. Others 
have pointed to nervous or emotional factors, 
to excess activity of the thyroid, the hypophy- 
etc. Allen thinks that “the slight intoxi- 
cation of pregnancy is probably the cause of 
the glycosuria,” but he does not indicate on 
what organs the ‘‘pregnancy toxin’’ acts. 
According to Scherokauer the blood sugar 
remains practically normal in pregnancy. 
Fellner suggests that the glycosuria of preg- 
nancy is due to the action of the ovaries 
(hormone) on the liver, the pancreas, and 
the thyroid. The condition is of little prac- 
tical importance. The primary involvement 
of the pancreas in the pregnancy glycosuria 
has not been established. 

b. Pregnancy and diabetes. The earlier 
observers were practically agreed (1) that 
pregnancy aggravates an existing diabetes 
in the mother, and (2) that diabetes in the 
mother has a very deleterious influence on 
the foetus. 

The deleterious influence of pregnancy on the 
course of the diabetes in the mother is more marked 
in the young than in the older mothers (Geel- 
muyden). Hydramnios is a frequent complication. 
Unless the pregnant and diabetic woman is given 
special dietetic care a large percentage (25 per cent 
to 33 per cent) of such women develop diabetic 
coma shortly after delivery (Offergeld). Premature 
births, or abortion due to death of the foetus, puer- 
pural infection, etc., are frequent. 

The generally accepted view that pregnancy 
aggravates diabetes was questioned by Neuman in 
1909, and still more recently by the work of Joslin. 
Neuman reports severely diabetic women carried 
through to normal delivery of healthy children and 
normal lactation by dietary measures. Joslin 
thinks that the usual aggravation of diabetes by 
pregnancy is due to the greater ingestion of food. 
He has shown that pregnancy can be carried to 
full term (with a normal healthy child) in partially 
diabetic mothers by careful regulation of the 
mother’s diet (Allen treatment). 


sis, 


Hence, it is still an open question whether 
the condition of normal pregnancy neces- 
sarily aggravates the existing diabetes in the 
mother, and there is no evidence that preg- 
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nancy can induce diabetes in a non-diabetic 
woman. A priori, one would expect the stress 
(nervous and metabolic) of pregnancy to in- 
volve the pancreas and sugar metabolism. 
But this fundamental question evidently 
must be determined by experiment. 

c. The influence of the diabetic condition 
of the mother on the fetus. Fellner, Fruhinholz 
and others state that 50 per cent of the foe- 
tuses of diabetic mothers are stillborn, or so 
feeble that they die a short time after delivery. 
There is no evidence that the child of a dia- 
betic mother is born a diabetic. The weak- 
ened condition must therefore be due to the 
acidosis and other disturbances of the mother. 
When these are controlled by dieting, the 
partially diabetic mother is apparently able 
to give birth to a child normal (Neuman, 
Joslin) except for a possible hereditary tend- 
ency to diabetes in later life. But this is 
true only in cases of partial diabetes. I am 
convinced that absolute diabetes (complete 
loss of pancreatic islets) is incompatible with 
pregnancy. In such condition the foetus 
cannot be nourished, so that death and abor- 
tion is unavoidable. But this condition is 
never seen in medical practice as a completely 
diabetic woman probably cannot conceive. 

3. Other conditions of female sex life pos- 
sibly related to pancreas function. Glycosuria 
may occur associated with the disturbances 
of adolescence. This is probably of nervous 
origin, and not a direct involvement of the 
pancreatic islets. 

In osteomalacia, a malady in some way re- 
lated to ovarian function, the adrenalin glyco- 
suria is diminished, according to Christofoletti 
and others. This is probably due to some 
change in the irritability of the sympathetic 
nervous system rather than to any change in 
the pancreas. 

In chlorosis the carbohydrate tolerance is 
either normal or slightly greater than normal 
(von Noorden). 

Acetonuria of labor. For a few days follow- 
ing delivery there is an increase of the acetone 
bodies in the urine, the acetonuria being more 
marked the more difficult the labor (Couvelaire 
and Scholten). This condition is probably 
due to too rapid tissue destruction, or pos- 
sibly to a temporary impairment of oxidation. 


- 
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There is no evidence 
primarily concerned. 

Puerperal lactosuria. In a small percent- 
age of women trace of lactose appear in the 
urine at the beginning of lactation. This is 
evidently due to passage of lactose from the 
mammary gland into the blood. It is not 
diabetes and does not indicate any involve- 
ment of the pancreas. 

Pituitary extract and sugar tolerance. Cush- 
ing is a firm exponent of the view that poste- 
rior lobe extract causes hyperglycemia and 
glycosuria. Falta, on the other hand, claims 
that the extract induces hypoglycemia by 
increasing the sugar oxidation in the tissues. 
There is probably no involvement of the endo- 
crine function of the pancreas in the use of 
pituitary extract as employed in gynecological 
practice. 


that the pancreas is 


VII. SUMMARY 

1. All evidence supports the view that 
some substance or hormone secreted by the 
islands of Langerhans into the blood is neces- 
sary for utilization of sugar by the tissues. 
This function is specific for the pancreas. Other 
endocrine organs may influence sugar metab- 
olism in a superficial way by altering the 
sugar mobilization (adrenals, thyroid), or 
by increasing or decreasing the rate of oxida- 
tion in the body in general. The rest of the 
endocrine glands cannot maintain the power 
of the tissues to oxidize sugar in the absence 
of the pancreas, and the hypo- or hyper- 
activity of other endocrine glands do not 
produce actual diabetes in the presence of a 
normal pancreas. 

2. While the failure of the tissues to use 
sugar in the absence of the pancreas is the cen- 
tral and definitely established fact, there are 
probably other primary defects involved 
in the development of acidosis, lipemia, in- 
creased metabolism, lowered resistance to 
infections, etc. 

3. All the evidence points to the view that 
true diabetes mellitus in man is primarily the 
result of pancreatic deficiency (islets). 

4. There is, at present, no organotherapy 
of diabetes, experimental or clinical. 

5. There is, at present, no evidence of any 
specific relations of the endocrine functions 
of the pancreas to the gonads, male or female, 
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or to menstruation, pregnancy, and lactation. 
Absolute diabetes, induced after conception, 
leads to death of the foetus. Absolute diabetes 
probably renders conception impossible. Par- 
tial diabetes under careful dietary control 
permits of normal sex life of women (men- 
struation, normal pregnancy, normal child, 
lactation), and pregnancy under such con- 
ditions does not aggravate the diabetes. 
But in the absence of such dietary control 
the condition of pregnancy aggravates the 
diabetes in the mother, and uncontrolled 
diabetes in the mother is extremely injurious 
to the foetus. There is some evidence that 
in late stages of pregnancy the foetal pancreas 
may function for the mother. 


BIBLIOGRAPHY 


ALEXANDER and EHRMANN. Ztschr. f. exp. Path., 1908, 
307. 

ALLEN, F. M. Glycosuria and Diabetes. Boston: 1913; 
Am. J. M. Sc., 1915, cl, 480; J. Am. M. Ass., 1916, Ixvi, 
1525. 

ALLEN and DuBors. Arch. Int. Med., 1916, xvii, toro. 

AusseT. Sem. méd., 1895, xv, 370. 

BEIFIELD, A. F., WHEELON, H., and LovELeETTe, C. R. 
Am. J. Physiol., 1916, xl, 360-366. 

Benstey, R. R. Am. J. Anat., 1911, xli, 297. 

BERGMANN, v. Ztschr. f. exp. Path., 1906, iii, 400. 

Biot. Compt. rend. Acad. sc., Par., 1856, xliii, 676. 

CANRIDGE, O. J. Glycosuria and Allied Conditions. 

CaPARELLI. Biol. Centralbl., 1892, xii, 606. 

CarRLson and DRENNAN. Am. J. Physiol., 1911, xxviii, 
391; J. Biol. Chem., 1913, xiii, 465; Proc. Soc. Exp. Biol. 
& Med., 1914, xi, 71. 

CARLSON, Orr, and Jones. J. Biol. Chem., 1914, xvii, 19. 

CARLSON and GrnsBukRG. Am. J. Physiol., 1915, xxxvi, 
217, 280. 

Cartson and Ryan. Am. J. Physiol., 1908, xxi, 301. 

CasE, J.T. J. Am. M. Ass., 1916, Ixvii, 858. 

CriarK, A. H. J. Exp. Med., 1916, xxiv, 621. 

Ciaus and Emppen. Hofmeister’s Beitr., 1905, v, 214; 
1906; vi, 343. 

CoHNHEIM. Ztschr. f. physiol. Chem., 1903, xxxix, 336; 
1904, xlii, 401; 1905, xlvii, 253. 

COMMANDEUR and PorcHer. Arch. gén. d. méd., 1904, 
CxCciv, 2241. 

Cow tes. Boston M. & S. J., 1911, clxiv, 921. 

Crortan. Lancet, Lond., 1909, i, 607. 

CRUICKSHANK. J. Physiol., 1913, xlvii, 1. 

DeWitt, L. M. J. Exp. Med., 1906, viii, 193. 

Date, H. H. Phil. Tr. Lond., 1905, cxcvii, sect. B. 

DRENNAN, F. M. Am. J. Physiol., 1911, xxviii, 396. 

DuBors and VEEDER. Arch. Int. Med., 1910, v, 37. 

Duncan, M. Tr. Lond. Obst., Soc., 1882, xxiv, 236. 

EpsteIn, A. P., and BAcut, G. J. Biol. Chem., 1915, xviii, 
21; 1916, XXiv, I. 

EppINGER, FALtTA, and RUDINGER. 
1908, lxvi, 1: 1909, lxvii, 380. 

EscHneErR, A. Am. J. M. Sc., 1907, cxxxiv. 

Eustis, A. Am. J. M. Sc., 1914, cxlvii, 830. 

Fata, W. Arch. Int. Med., 1909, iv, 159. 

FELLNER, O. Samm. klin. Vortr., 1908. 

Foun, O. J. Biol. Chem., 1915, xxii, 327. 


1913. 


Ztschr. f. klin Med., 











Se. 


CARLSON: ENDOCRINE FUNCTION OF THE PANCREAS 293 


ForscHBACH. Deutsche med. Wcehnschr., 1909, xxxv, 


2053. 

Foster, N. B. Diabetes Mellitus. Philadelphia: Lippin- 
cott Co., 1915. 

FruuinsHorz, A. Ann. d. Gynaek., 1913, xl, 490. 

v. FuerTH and ScHwarz. Biochem. Zthschr., Berl., 
IQII, XXXi, 113. 

GEELMUYDEN, H. C. Norsk. Mag. f. Laegevidinsk., 1916, 
Ixxvii. 

Gey, E. Compt. rend. Soc. biol., 1915, Ixxviii, 1. 

GuLeckeE. Arch. f. klin., Chir., 1908, Ixxxv, 664. 

Harr. Am. J. Physiol., 1907, xviii, 283. 

Hawk. Arch. Int. Med., rg11, viii, 30. 

Hepon, E. Rev. de méd., rg10, xxx, 41; Arch. Intern. de 
Physiol., 1911, x, 350; xi, 195; Liore Jubilaire d. Prof. 
Richet, 1912, 161; J. de physiol., et de path. gén., 
Par., 1912, xiv, 907; Arch. Intern. de Physiol., 1913, xiii, 

, 255. 

Hess. Muenchen. med. Wchnschr., 1902, 1449. 

Hunter and Hitt. J. Biol. Chem., 1914, xvii, 61. 

Hoskrns, R. S., and GuNNING, R. E. L. Am. J. Physiol., 
1916, xli, 79. 


_ Jostrx. Boston M. & S. J., 1o15, clxxiii, 84. 


Kirk, E.G. Arch. Int. Med., 1915, xv, 30. 

KNOWLTON and STARLING. J. Physiol., 1912, xlv, 145. 

Korocu. Innerer Krankheiten und Schwangerrehaft. 
Leipzig: 1908. 

LAGuESSE, E. Arch. d’anat. micr., Par., 1910, xi. 

Lane. Am. J. Anat., 1907, vii, 409. 

Lepine, R. Le diabete sucre. 1909, 321, 363. 

LescHE, E. Arch. f. Physiol., 1910, 401; Muenchen. med. 
Wchnschr., 1911, 1396. 

Loewli. Muenchen. med. Wehnschr., 1913, xiii, 690. 

Lomsroso, U. Ergebn. d. Physiol., Wiesb., 1910, ix, 1. 

Lusk, G. Arch. Int. Med., 1909; J. Am. M. Ass., 1910, iv, 
2105. 

Luettij&£. Deutsches Arch. f. klin. Med., 1904, Ixxix, 408. 

McGutican, H. Am. J. Physiol., 1908, xxi, 351. 

McGuiGANn and von Hess. Am. J. Physiol., 1912, xxx, 
741. 

McGuican and Ross. J. Biol. Chem., 1915, xxii, 417. 

MACKENZIE. Brit. M. J., 1893, 63. 

McLean, F.C. J. Am. M. Ass., 1914, Ixii, 917. 

MacLean, H. J. Physiol., 1916, 1, 168. 

MacLEAN and SMEDLEY. J. Physiol., 1913, xlv, 470. 

Macteop, J. J. R. Am. J. Physiol., 1908, xxii, 373; 1909, 
xxiii, 278; J. Biol. Chem., 1913, xv, 497; J. Am. M. Ass., 
1914, lxii, 1222; Diabetes, 1913. 

Mac eop and Pearce. Am. J. Physiol., t910, xxv, 255; 
IQII, XXVii, 341; IQII, XXViii, 405; 1912, XXix, 419; 
1913, XXxii, 184; 1914, xxxiii, 378. 

Macnus-Levy, A. Bull. Johns Hopkins Hosp., tg11, 
1911, xxii, 46; Berl. klin. Wchnschr., 1911, No. 27 (re- 
print). 

Mariott, W. M. J. Biol. Chem., 1914, xviii, 241, 507. 

MARSHALL. Brit. M. J., 1893, 743. 

MARSHALL. Physiology of Reproduction. 1910, 394. 

Massacut, A. Gazz. d. osp. Milano, 1915, xxxvi, 55. 

Meyer. Ztschr. f. exp. Path. and Therap., 1906, iii, 58. 

Minkowski. Arch. f. exp. Path. and Pharm., 1908, suppl. 
6, 395. 

MooREHOUSE, PATTERSON, and STEPHENSON. Biochem. 
J., Liverp., 1916, ix, 171. 

MosenTHAL. Arch. Int. Med., 1912, ix, 339. 


MUELLER, F., and Prvxus, S. M. Berl. klin. Wchnschr., 
1914, li, 877. 

Murtin and Kramer. J. Biol. Chem., 1913, xv, 365. 

Murtin and Sweet. Am. J. Physiol., 1916, xl, 128. 

Neuman, H. Ztschr. f. klin. Med., 1909, lxix, 475. 

Nisur. Arch. f. exp. Path. and Pharm., 1910, lxii, 170. 

V. Noorpen, C. Die Zuckerkrankheit und ihre Behand- 
lung. Berlin: 1912. 

OFFERGELD. Ztschr. f. Geburtsh. u. Gynaek., 1906, lviii, 
189; Deutsche med. Wchnschr., 1909, xxxv, 1226. 

Optr, E.L. Diseases of the Pancreas. Philadelphia: 1910. 

PARTRIDGE. Med. Rec., 1905. 

Payer. Monatschr. f. Geburtsh. u. Gynaek., 1899, xi, 784. 

Pearce, R. G. Am. J. Physiol., 1916, xl, 142. 

PEARCE, R. M. Am. J. M. Sc., 1904, cxxviii, 178. 

PEMBERTON and Sweet. Arch. Int. Med., 1912, x, 169. 

PFLUEGER. Arch. f. d. ges. Physiol., 1907, cxviii, 282. 

Pottak. Arch. f. exp. Path. and Pharm., 1909, Ixi, 376. 

Pratt. J. Am. M. Ass., 1910, lv, 2115. 

Pratt and Spooner. Arch. Int. Med., ort, vii, 665. 

Pratt, Murpuy. J. Exp. Med., 1913, xvii, 252. 

Rapens, I. Am. J. Physiol., 1915, xxxvi, 294. 

RAULSTON and Woopyatt. J. Am. M. Ass., 1914, lxii, 996. 

Reacu. Bioch. Ztschr., Berl., 1911, xxxiii, 436. 

REICHENSTEIN, M. Wien. klin. Wchnschr., 1909, xxii, 1445. 

RENNEE and FRaAsER. Biochem. J., Liverp., 1907, ii, 7. 

Rincer, A. I. J. Biol. Chem., 1912, xii, 431. 

Rossa. Zentralbl. f. Gynaek., 1896, xx, 656. 

SCHIROKAUER, H. Berl. klin Wchnschr., 1912, 500. 

SANDMEYER. Ztschr. f. Biol., 1895, xxxi, 12. 

ScHOTTELIUS, A. Muenchen. med. Wchnschr., 1908, lv, 
057- 

Scott, E. L. Am. J. Physiol., 1912, xxix, 306; 1914, Xxxiv, 
271. 

SewaLt, H. Am. J. M. Sc., 1911, cxlii, 303. 

S1BLEY. Brit. M. J., 1893, 579. 

SsosBo.Lew, L. W. Arch. f. path. Anat., etc., Berl., 1902, 
clxvili, 91. 

STARLING, E. H., and Evans, C. L. J. Physiol., 1914, xlix, 
07. 

STENGEL. Penn. M. J., 1907, xi, 960. 

Stotrer, L. Zentralbl. Physiol. u. Path. d. Stoffer, rgr1, 
vi. 

Tate. Am. J. Obst., N. Y., 1906, liii, 65. 

Taytor, A. E., and Huron, F. J. Biol. Chem., 1916, 
XXV, 173. 

TrBertTI and FRANCHETTI. Arch. ital. di biol., rg09, li, 127. 

UNDERHILL. J. Biol. Chem., 1911, x, 159; 271. 

Vanni. Arch. ital di chir. med., 1894, 457. 

Vert, J. Muenchen med. Wchnschr., 1906, liii, 1437. 

VerzAR and FEJER. Biochem. Ztschr., Berl., 1913, liii, 141. 

VINCENT and THomson. Internat. Monatschr. f. Anat. u. 
Physiol., Leipz., 1907, xxiv, 61. 

VISENTINI, A. Internat. Monatschr. f. Anat. u. Physiol., 
Leipz., 1915, XXxi. 

WEGELE. Fortschr. d. Med., 1902, xx, 313. 

Wuirte. Brit. M. J., 1893, 452. 

WILLIAMSON. Practitioner, Lond., 1901, 417. 

Wiis. Brit. M. J., 1893, 1265. 

Witson, R. N. Am. J. M. Sc., 1904, cxxvii, 267. 

Woop. Brit. M. J., 1893, 14. 

Woopyatt, R. T. J. Am. M. Ass., 1915, Ixv, 2067. 

ZuELZER. Ztschr. f. exp. Path. and Therap., 1908, v, 307; 
Berl. klin. Wehnschr., ro11, xlviii, 285. 








204 


SURGERY, GYNECOLOGY AND OBSTETRICS 


THE EXPERIMENTAL AND CLINICAL EVIDENCE AS TO THE INFLUENCE 
EXERTED BY THE ADRENAL BODIES UPON THE GENITAL SYSTEM 


By SWALE VINCENT, M.D., WinniPec, MANITOBA 


URING the last twenty-five years there 
has been a great change in our current 
views about the adrenal bodies. 
By no means the least important 

department of investigation has been the 
comparative anatomy of these bodies, and it 
may be stated that our knowledge in this re- 
gard, so far as concerns vertebrate animals, 
seems fairly complete. This knowledge, it 
must be confessed, even when combined with 
the results of very numerous physiological 
investigations, has by no means answered 
the question, ‘‘ What is the function, or what 
are the functions of the adrenal bodies?” 
but it has made clear what we mean when we 
refer to these organs, and has pointed the 
way for a far more satisfactory comparative 
study of their physiology. For a full ac- 
count of these investigations the reader is 
referred to the chapters dealing with this sub- 
ject in the monographs of Vincent (33) and 
Biedl, (4) and also to the chapters by Poll (28) 
in Hertwig’s Handbuch. Space can only be 
found here for a brief summary. 

Comparative anatomy and comparative 
physiology reveal the fact that the medulla 
of the adrenal body is not the only represen- 
tative in the animal economy of the tissue 
(‘the chromaphil tissue’’) which forms it; 
there are numerous scattered bodies of the 
same nature in close relation to the sympa- 
thetic ganglia and nerves in different regions. 
In lower vertebrate animals the medulla 
(chromaphil bodies) and the cortex (interrenal 
bodies) form two separate and independent 
systems, having no anatomical (and, so far 
as we know, no physiological) relationship 
to each other (Fig. 1). Indeed, strictly 
speaking, the medullary substance is not part 
of the adrenal body at all, but simply an ac- 
cumulation of the chromaphil tissue which 
has arisen from the sympathetic in certain 
abdominal segments, and has insinuated itself 
into the adrenal body proper, or what is 
usually called the cortex. So that, using the 
correct morphological phraseology, we ought 


to refer to the adrenal body and its chroma- 
phil nucleus, or medulla, or, according to 
Kohn, its “‘paraganglion suprarenale.” 

Even the adrenal cortex is not a separate 
and independent organ for ‘‘accessory ad- 
renals’’ are so common in many animals as 
to compel us to regard the adrenal cortex as 
part of a system in the same way as the medul- 
la is part of a system (Fig. 2). 

All this, as will be seen, notwithstanding 
the numerous facts which have been accu- 
mulated, renders the adrenal problem much 
more complex than it appeared to the ear- 
lier investigators. 

In discussing the functional activities of 
the adrenal bodies, these facts of compara- 
tive anatomy must not be overlooked. The 
question which yet remains to be solved is, 
not what is the function of the adrenal body, 
but what are the functions respectively of 
the interrenal system (cortical system) and 
the chromaphil system (medullary system) 
which are separate and distinct in certain 
lower vertebrates, as, for example, in elasmo- 
branch fishes (see Fig. 1). There seems no 
reason to suspect that the functions of these 
two systems are in any way related to each 
other, notwithstanding the fact that, as we 
approach the higher vertebrate animals, 
certain portions of the two come into inti- 
mate connection with each other in order to 
form what we call the adrenal body. 

For the present, and perhaps for some time 
to come, it will be wise on the part of investi- 
gators to search for a separate function for 
each of the two systems. 

Extracts of the medulla. The view adopted 
by the majority of modern writers in regard 
to the medulla (and the chromaphil tissues 
generally) is that it secretes a sympatho- 
mimetic hormone, whose function comes into 
play especially in conditions of emotional 
disturbance. 

The great majority of investigations and 
by far the greater number of hypotheses 
regarding the function of the adrenal bodies 
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Fig. 1. Diagram of the adrenal representatives in elas- 
mobranch fishes showing the cortical gland (interrenal 
body) and the medullary glands (chromaphil bodies, 
“paired suprarenals’’) in relation to the sympathetic 
and the kidneys. 


have been concerned with the secretion of the 
chromaphil tissue, and at the present time 
are centered on the physiological activities of 
adrenin. The cortical system, as such, has 
received comparatively little attention, and 
even plausible hypotheses concerning it are 
very few. The tendency of many writers 
has been to assume that the adrenal problem 
is wrapped up in the pharmacodynamical 
action of adrenin. But this attitude leaves 
out of account the significance of what we 
must on morphological grounds regard as 
the true adrenal body, that is to say, the 
cortex. 

There is now abundant experimental evi- 
dence that it is the cortex and not the medulla 
of the gland which is essential to life. When 
the whole gland is removed, the animal usual- 
ly dies within a few days, while, if the medulla 
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Fig. 2. Diagram of the adrenal constituents and out- 
standing ‘‘cortical’’ and ‘‘ medullary” (chromaphil) bodies 
in the mammal, showing the adrenal bodies, the chroma- 
phil cells of the sympathetic, the abdominal chromaphil 
body (‘‘accessory medullary’’) and accessory cortical 
adrenals in relation to the sympathetic and the kidneys. 


only be extirpated, survival is in the majority 
of cases, indefinite. 

Extracts of the cortex. The cortex of the 
adrenal body does not yield any very special 
physiological principle to extraction. It is 
true that extracts made from the cortex, when 
injected into the veins of a living animal, 
will cause a lowering of the blood pressure, 
but this action is common to extracts made 
from all organs and tissues (Osborne and Vin- 
cent, 24 and 25; Vincent and Sheen, 35 and 
360; Vincent and Cramer, 37 and 38; and 
Webster, 39). The substance which pro- 
duces this effect has been shown not to be 
choline. It is possible that it may be beta- 
iminazolylethylamine (Barger and Dale, 3). 

The cortex also contains certain substances 
called “‘lipoids.” The cortical cells contain 
numerous “lipoid granules,” the so-called 
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“cortical granules.” Space will not permit 
a description of the chemical characters of 
lipoids. For this the reader is referred to 
the works of Vincent (33) and Biedl (4). 
It is not yet determined whether these 
lipoid granules are to be regarded as secretion 
products which are about to be poured into 
the blood stream. Pigment granules and 
other cell-inclusions are also noted in certain 
cells of the cortex. 


II. CLINICAL EVIDENCE 


There are four views as to the function of 
the adrenal cortex: 


1. That it is related to growth and development, 
especially of the sexual organs. 

2. That it has an antitoxic function. 

3. That it plays some part in the elaboration of 
the adrenin which is found in the medulla. 

4. That the enormous development of the adrenal 
cortex in the human embryo is connected with the 
highly developed brain of man. 

It is only with the first of these theories 
that we are here concerned. It is now toler- 
ably certain that there is an intimate connec- 
tion between sex characters and the adrenal 
cortex. Most of the evidence on this point 
is of a clinical nature. 

Wooley (40, 41) and Bullock and Sequira 
(6) reported that tumors or hypertrophies of 
the adrenal body are sometimes associated 
with precocious development of the repro- 
ductive organs. 

Glynn (10) has given an excellent account 
of the tumors and rests of the adrenal cortex 
with their relationships to sex abnormalities. 
The following is a brief abstract of his classi- 
fication: 

A. Benign tumors. Cortical. 
Diffuse hyperplasia passing into 

Group 2. Adenomata, which may be bilat- 
eral. The cells contain a considerable amount 
of fat, and their arrangement is like that of 
the zona fasciculata. 

B. Malignant tumors. Cortical. Group 
1. Sarcomata: round-celled often lymphosar- 
coma, i.e., small cells with an alveolar arrange- 
ment. These are common in children; es- 
pecially males between the ages of two and 
three. 

Group 2. Hypernephroma or mesothelioma, 


Group 1. 
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a tumor having large polyhedral epithelial 
cells, recalling the structure of the adrenal 
cortex. 

Hyper plasia of the adrenal gland or of acces- 
sory adrenals is frequently associated with 
pseudohermaphroditism. The great major- 
ity of these cases occur in female pseudo- 
hermaphrodites, that is to say, in females 
with internal organs of the male type, illus- 
trating the tendency of neoplasia or hyper- 
plasia of the gland to be associated with the ap- 
pearance of male characters in the female. In 
most of the females the hermaphroditism was 
advanced, for prostates were present. Glynn 
quotes thirteen cases in illustration of this 
condition. 

Adrenal hypernephromata are almost in- 
variably characterized in children by pre- 
cocious growth of the body generally and of 
the sexual organs in particular, with over- 
growth of hair and fat. The skin becomes 
pigmented and the children are below the 
average in intellect. According to Guthrie 
(15) there are two types: (1) the obese type, 
met with in both sexes, but apart from the 
development of pubic hair the development 
of the sex organs is not exaggerated, though 
one of the females menstruated; (2) the 
muscular or ‘infant Hercules” type, occurring 
only in males, who may show true sexual 
precocity. 

Hypernephromata of the adrenal body in 
children are much commoner in females than 
in males, and tend to increase the male pri- 
mary and secondary sexual characters at the 
expense of the female. 

Glynn quotes six examples of the tumor 
referred to in the last two paragraphs. These 
examples were found in young adult females 
and the growth was associated with changes 
in sex characters. It will be interesting to 
quote one of these [originally reported inde- 
pendently by Thummin (32) and Bortz (5)]: 

A girl aged 1634 years began to menstruate at 
15, and continued to regularly for one year. With 
the cessation she grew a beard and moustache, 
and hair developed also on the thorax and linea alba. 
The voice changed to the male type. She became 
very obese; the mamme were well developed. She 
died of phlegmon of the hand. The external genitals 


were of the feminine type, the uterus measured 8 
centimeters externally and was normal, but the 
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ovaries were small and hard, showing no trace of 
ovulation, neither macroscopically nor microscopical- 
ly. The right adrenal contained two yellow nodu- 
lar tumors the size of a cherry, and the left was con- 
verted into a mass as big as a fist. Microscopically 
the right tumor consisted of round or polygonal 
epithelial cells in a network of capillaries; those in 
the left showed similar structure, but the meshes 
were wider and more irregular. A few larger cells, 
rich in chromatin and often multinucleated, were 
also present. The condition is described as typical 
of ‘‘struma suprarenalis.”’ 

Gallais (9g) has recently observed and col- 
lected a number of cases in which tumors 
have given rise to striking abnormalities in 
the development of the reproductive organs. 
He groups them together under the title 
“genito-adrenal syndroma.”’ One form of 
this syndrome is characterized by sexual 
precocity, other forms being such as are de- 
scribed above. He regards the cortex of the 
adrenal body essentially a “puberty 
gland.”’ 

The subject has also been discussed by 
Koranyi (19). 


as 


Ill. EVIDENCES FROM COMPARATIVE 


AND PHYSIOLOGY 


ANATOMY 


There are other evidences of the associa- 
tion between the adrenal cortex and the sexual 
functions. 

Functional variations. Stilling (31) in his 
researches upon the adrenal body of the rab- 
bit observed periodic variations in the weight 
of these organs. There was enlargement of 
the glands in male rabbits during the breeding 
season. In the same communication he 
reports that the peripheral part of the cortex 
in the frog contains, during the summer, 


certain peculiar elements, the ‘summer 
cells,” which atrophy later on during the 


pairing season. Patzelt and Kubik (26) 
have, however, come to the conclusion that 
Stilling’s summer cells are present the whole 
year round and are independent of age, sex 
or state of nutrition. These authors prefer 
to call the cells in question acidophile cells 
from their staining reactions. A curious point 
is insisted upon by these writers. They find 
that the acidophile cells are only present in 
one species, viz., in R. esculenta. They are 
entirely wanting in the adrenal bodies on the 
other anura which they investigated, as also 
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from the glands of the urodela and the rep- 
tila. They note also that similar cells are 
found in the parathyroids of mammals and 
in the pituitary gland throughout vertebrates. 

As far back as the year 1806 Meckel (20) 
noted a relationship between the adrenal 
bodies and the reproductive organs. 

Nagel (23) in 1836 remarked that animals 
with large sexual organs and well developed 
reproductive instincts possessed large adrenal 
bodies, which in birds and amphibians be- 
came still larger during the breeding season. 
According to Glynn these statements have 
been repeated quite recently by Aichel (1). 
Glynn remarks that it is highly probable that 
a similar change occurs in human beings, but 
that there are no recorded observations on 
this point. He suggests that such an enlarge- 
ment if it does take place, may explain the 
curious tendency of any hair or “down” 
upon the face or body of a woman to increase 
in amount during pregnancy, first noted by 
Hegar, and confirmed by Halban (16). In 
the opinion of Glynn, Halban wrongly ex- 
plains this ‘‘hypertrichosis gravidatis”’ by a 
protective action of the placenta. 

A hypertrophy of the adrenal bodies 
during pregnancy was noted by Guieysse in 
the guinea pig, which enlargement chiefly 
affected the zona fasciculata. According to 
Schenk (30, quoted by Glynn) these results 
have been confirmed by Ciaccio.and Da 
Costa. Gottshau (12) found that the adrenal 
gland as a whole measured less in pregnant 
than in non-pregnant animals, but that the 
outer zone of the cortex was increased at the 
expense of the inner. 

Effect of castration. Feodossiew (8) re- 
moved the ovaries from bitches, and found 
that after a few weeks there was hypertrophy 
of the adrenal cortex, especially the zona 
glomerulosa. Similar results were obtained 
by Raineri (29), but they could not be con- 
firmed by Dick and Curtis (7) nor by de Mira 
(£3). 

Resemblance between cortical adrenal cells 
and corpus luteum cells. It has long been 
noticed that there is a resemblance between 
the cells of the adrenal cortex and the inter- 
stitial elements of the ovary and testis and 
those of the corpus luteum. Janosik (18) 
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looked upon all these cells as being very closely 
related. Podvissotzky (27) insisted specially 
on the resemblance between the cells of the 
adrenal cortex and those of the corpus lute- 
um. This was further emphasized by Mulon 
(22) who, from observations on guineapigs goes 
so far as to speak of the corpus luteum of preg- 
nancy as a temporary cortical adrenal body. 

A further discussion-of some of the above 
questions will be found in a recent work by 
Gofnialons (11). 

Hormone hypothesis. It seems hopeless at 
present to attempt any explanation of the pre- 
cise manner or the essential mechanism of 
the influence of the adrenal cortex upon the 
reproductive organs. It is perhaps most in 
accordance with current views to admit the 
hypothesis that a certain hormone, or certain 
hormones are secreted by the adrenal cortex 
which are passed into the blood stream and so 
reach and exert their action upon the repro- 
ductive organs. It has ben suggested that 
the adrenal body may act through the media- 
tion of the pituitary, but so far as I am 
aware, no changes in the latter organ have been 
observed in any of the cases referred to above. 

Much has been written and many hypoth- 
eses have been put forward on the subject of 
the relationships between the various organs 
furnishing an internal secretion. Much of 
this is purely hypothetical, and a great deal 
remains to be discovered before we can form- 
ulate any general statements. 

It is possible that the simpler physiological 
conception of underaction or overaction re- 
spectively of the various ductless glands, now 
used to account for the various pathological 
states, may have to be supplemented or super- 
ceded by a consideration of modified or de- 
ranged function. 


IV. FEEDING EXPERIMENTS 

During the present year an attempt has 
been made to investigate the relations be- 
tween the adrenal bodies and the reproductive 
organs by studying the effects of feeding 
animals with the adrénal bodies or preparation 
made from them. 

Immediate effects. Some years ago the 
present writer failed to observe any im- 
mediate physiological effect upon dogs, cats, 
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and rabbits, after feeding with the adrenal 
bodies of sheep; just as the administration 
of large doses of extracts (in some cases made 
from the medulla only) failed to produce any 
noticeable rise in the blood pressure in the 
human subject (Vincent, 34). D’Amato (2) 
has also shown that very large doses do not 
increase pressure, although they may cause 
arterial degeneration. Gruenbaum (13), 
however, states that adrenal extract although 
it ordinarily fails to produce elevation of 
blood pressure, when administered by the 
mouth, will bring about this effect in cases of 
Addison’s disease. 

Effects of continued feeding. But the experi- 
ments about to be described are of a different 
character. They involve the administration 
of comparatively small doses of gland sub- 
stances over a long period, in order to test the 
effect upon the growth of the body as a whole, 
and the reproductive organs in particular. 
R. G. and A. D. Hoskins (17) have carried 
out a series of experiments on white rats in 
which certain of the young animals were fed 
with desiccated adrenal gland! while certain 
others were kept as controls. Forty-five 
rats were fed with adrenal body for varying 
periods of from two to nine weeks. Twenty- 
six animals from the same litters were kept 
as controls. The rate of growth and the 
weights of various glands were determined in 
each series. No differences between the 
two series could be detected in the case 
of the kidneys, heart, pituitary body, thyroid 
thymus or adrenal bodies. The spleens of 
the experimental series were somewhat small- 
er than those of the controls, but highly 
variable in size. The ovaries in the few 
cases studied were larger in the experimental 
series. The testes (twenty-six experimental, 
thirteen control) showed hypertrophy. 
These results are in confirmation of the clinical 
evidence above stated, and indicate that the 
adrenal bodies exercise a stimulating effect 
on the growth of the testes in young animals. 

The authors of the communication just 
referred to discuss the question as to what 
constituent of the gland the testicular hyper- 
trophy is due to. They conclude that it is 
in all probability to be ascribed to the cor- 

1 Parke, Davis & Co. 
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tical portion. But it is obvious that the 
experiments would be more satisfactory as 
regards this point if the cortex only were 
employed for the feeding. A series of ex- 
periments of this type are now being carried 
out in my laboratory. A further criticism 
of the experiments above described seems 
justified from the fact that desiccated gland 
was used. I believe that the material 
‘“degreased”’ before it is ‘‘desiccated,”’ and 
the former process would be likely to remove 
many ‘“‘lipoids,’ some of which might be 
among the physiologically active substances. 
In our experiments, therefore, we are using 
fresh cortex only, in order to eliminate these 
sources of error. We are further extending 
the investigation to chicks, as was suggested 
by Hoskins. 


is 


SUMMARY 

1. What we call the adrenal body repre- 
sents the anatomical association of two ele- 
ments, of which is derived from a separate 
and independent system. The adrenal prop- 
er, or ‘‘cortex’’ is part of the ‘‘cortical’’ or 
“interrenal”’ system. The medulla is simply 
an accumulation of chromaphil cells of the 
same nature histologically, chemically and 
pharmacodynamically, as similar masses of 
cells in other parts of the body. 

2. There is no clear evidence that these 
two systems are functionally related. 

3. The adrenal medulla (as well the 
chromaphil tissue generally) is developed 
from the sympathetic nervous system. Its 
duty seems to be to facilitate the functions 
of this system in certain physiological emer- 
gencies. 

4. The adrenal cortex (as well as the ‘‘ac- 
cessory cortical adrenals’’) is developed from 
the germ epithelium, and the evidence is now 
strongly in favor of the view that it has cer- 
tain important functions in connection with 
the development and growth of the sex organs. 

5. There is a considerable amount of 
clinical evidence that tumors of the adrenal 
cortex are frequently associated with sex 
abnormalities. 

6. The clinical evidence also favors the 
view that when cortical tumors occur in the 
female, an accentuation of male secondary 
sexual characteristics develops, and simul- 


as 
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taneously a hypoplastic condition of the in- 
ternal generative organs supervenes. 

7. Additional evidences as to a connection 
between adrenal cortex and the sexual organs 
is furnished by the enlargement of the cortex 
during breeding and pregnancy. 

8. Feeding young animals with adrenal 
gland substance seems to stimulate the growth 
of the testes. 

g. It is possible that a final solution of the 
problem will only be arrived at when the more 
general problem of the relationships between 
the ductless glands shall have been solved. 
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THE RELATION OF THE OVARY TO THE UTERUS AND MAMMARY 
GLAND FROM THE EXPERIMENTAL ASPECT 


By LEO LOEB, M.D., St Louis 


E shall consider (1) the effects 
exerted on the uterus and the 


mammary gland by the ovary as a 

whole, and (2) we shall further 
seek as far as possible to refer to individual 
structures within the ovary the various func- 
tions exercised by this organ. Therefore, it 
will be necessary first to describe and analyze 
certain cyclic processes within the ovary 
itself inasmuch as its function varies at 
different periods in accordance with its cyclic 
changes. 

First, we shall discuss the various struc- 
tures found in the ovary and then proceed to 
a description and an analysis of the mechanism 
governing cyclic changes in the ovary. Fur- 
ther, we shall discuss the significance of the 
effect exerted by the ovaries upon the cyclic 
changes in the uterus and in the mammary 
gland, and as a phase in these effects we 
shall especially consider the relation of ovary 
to uterus and mammary gland during preg- 
nancy. This will be followed by a considera- 
tion of the influence of the ovaries on the full 
development: of uterus and mammary gland 
during puberty and on the ultimate atrophy 
of these organs. Lastly we shall refer to 
the influence of the ovaries on the develop- 
ment of cancer of the mammary gland. In 
this brief report it will hardly be possible to 
do much more than summarize the principal 
results obtained in experimental research. 


I. CONSTITUENTS OF THE OVARY 


The follicle with the ovum is the most 
important constitutent of the ovary. Secon- 
darily, it gives origin to two new structures, 
the corpus luteum and the so-called interstitial 
gland. After the rupture of the mature folli- 
cle the granulosa becomes transformed into 
the cells of the corpus luteum. We cannot 
wholly exclude the possibility that some en- 
larged theca interna cells form the periphery 
of the corpus luteum. In some species the 


corpus luteum cells multiply mitotically; in 
others the large size of the corpus luteum is 
merely due to an increase in size of the 
granulosa cells (1). 

Follicular atresia occurs in a large number 
of the follicles. Only a small number of the 
follicles mature and give rise to corpora lutea. 
The majority degenerate, ‘become atretic” 
before maturity, but usually only after they 
have reached a considerable size. This de- 
generation of the follicles usually begins in 
certain species at a time, when the ova are 
still alive and active, and this atresia is there- 
fore not, as has been maintained by Robert 
Meyer (2), the result of a primary degenera- 
tion of the ovum. During this process of 
atresia the theca interna cells enlarge in some 
species of animals. become epithelioid, gland- 
like in appearance and remain preserved in 
such a state for a considerable period of time; 
such is the case in the rabbit (3). In other 
species, however, the theca interna cells re- 
main small and have only a relatively short 
existence after the atresia of the follicles has 
set in; this latter condition we find for instance 
in the guinea pig (4) and in woman in the 
absence of pregnancy (6). 

In the guinea pig where the theca interna 
cells of atretic follicles are not in the least 
gland-like and have only a transitory existence 
it is not permissible to speak of the existence 
of an interstitial gland. There is a certain 
lack of clearness in the definition of the inter- 
stitial gland of the ovary, certain authors 
considering the presence of fat-like substances 
in atretic follicles as a sufficient characteristic. 
Such substances, however, are found in the 
granulosa and theca interna cells of non- 
degenerating as well as in theca interna cells 
of atretic follicles. Intracellular fat globules 
appear also, under certain conditions, in 
many varieties of other cells; therefore we 
usually do not consider such cells as gland 
cells. The size and shape of the cells and 
their intimate relationship to capillaries are 
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the features most characteristic of the so- 
called interstitial gland of the ovary. 


It has been suggested by Ancel and Bouin (6) 
that in those animals in which periodic corpora lutea 
form, no interstitial gland exists; that it is present 
only in those animals in which a spontaneous ovula- 
tion does not take place. Bouin and Ancel cite 
the rabbit as well as the guinea pig as animals pos- 
sessing an interstitial gland. However, there is no 
doubt that in the guinea pig a spontaneous ovula- 
tion takes place at regular periods, while in the 
rabbit it usually does not take place if copulation is 
prevented. This seems contradictory to the sug- 
gestion made by these authors, if we accept their 
statement that the guinea pig possesses an interstitial 
gland. If, on the other hand, we define the term 
“interstitial gland’ as suggested above, then the 
rabbit, but not the guinea pig possesses an inter- 
stitial gland. The hypothesis of these two authors 
might therefore still hold good. It is readily con- 
ceivable, considering the large space required by the 
periodic corpora lutea, that such relationship bet ween 
the presence of interstitial gland and the absence 
of spontaneous ovulation should exist; considering 
furthermore the fact that at the time of ovulation 
all of the medium sized and large follicles degenerate 
at least in certain of the species with spontaneous 
ovulation. Thus at short intervals of time a large 
aggregation of new atretic follicles is created, which 
in turn necessitates the disappearance of an equal 
number of somewhat older atretic follicles. Under 
those conditions, it is clear that the regular recur- 
rence of spontaneous ovulation and the existence 
of a typical interstitial gland must necessarily be 
mutually exclusive. While some considerations 
thus make plausible the hypothesis of Bouin and 
Ancel, this relationship requires further investigation. 


There 
number 


exists another element in a certain 
of ovaries which deserves special 
mention. Ina considerable number of guinea 
pigs we discovered a relatively fargoing de- 
velopment of the ovum, which leads to the 
formation of the embryonal placenta and in 
some cases to the development of early stages 
of the embryo proper (formation of the 
anlage of the central nervous system) within 
the follicle (7). Ultimately these structures 
perish, but it is important to know that 
parthenogenetically developing embryonal 
structures occur in certain ovaries, if we wish 
to trace to their source the various functions 
exercised by the ovaries. In addition we 
find medullary canals or cell rows which are of 
extraneous origin and unite only secondarily 
with the ovary. As far as we know no 
definite function can be attributed to them. 
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CHANGES OCCURRING IN 
OVARIES 

In the ovaries of some species well-defined 
cyclic changes occur (8). They are® not 
equally present in all species. In the guinea- 
pig just prior to ovulation a simultaneous, 
sudden degeneration of all but the smallest 
follicles sets in, while in other species the cyclic 
ovulation seems merely to lead to the forma- 
tion of periodic corpora lutea without a con- 
comitant revolutionary change in the con- 
dition of the follicles. In still others, as in 
the rabbit, such regular cyclic changes are 
dependent on the occurrence of copulation 
and subsequent pregnancy. After completion 
of pregnancy, the animal is accessible to a 
new copulation and a new pregnancy occurs. 
In this latter class of animals, spontaneous 
ovulation without a preceding copulation 
does not usually take place. Again in other 
species copulation and pregnancy are limited 
to certain seasons. 

The initiation of the cyclic changes in the 
ovary as well as the development of the cor- 
pus luteum depend on ovulation. Ovulation 
is probably preceded by marked changes of the 
circulatory conditions in the ovary, which 
lead to atresia of follicles. In one case, 
however, we apparently succeeded in produc- 
ing corpora lutea experimentally without the 
occurrence of a spontaneous ovulation and the 
concomitant degeneration of follicles, by cut- 
ting into a mature follicle in the guinea pig (9). 
In the rabbit, such an experimental produc- 
tion of corpora lutea can be more readily 
accomplished according to the findings of 
Ancel and Bouin (10), and of Regaud and 
Dubreuil (11). 

We must analyze the conditions that lead to 
ovulation if we wish to obtain an understand- 
ing of the cyclic changes in the ovary and of 
the consecutive cyclic changes in the uterus 
and mammary gland. We are now in a 
position to give an analysis of this process, 
which, while not yet complete in every 
particular, at least defines its principal fac- 
tors. 

Ovulation is retarded by the corpus lute- 
um, and the essential factor in this process 
is the existence within the ovary of a self- 
regulating mechanism. The corpus luteum, 


II. CYCLICAL THE 




































302 


itself the result of an ovulation, provides a 
mechanism preventing ovulation and there- 
fore the production of new corpora lutea. 
The mechanism is automatic comparable to 
that regulating respiration. 

Several writers such as Beard (12), Pre- 
nant (13), Sandes (14), and Skrobanski (15) 
have expressed hypothetically the view that 
the corpus luteum might prevent ovulation. 
None of them attempted to give a proof 
of this suggestion and the majority of all 
investigators rejected it. Experiments on a 
large scale which the writer carried out with- 
out the knowledge of the writings of the pre- 
vious authors, however, proved without 
doubt that the corpus luteum actually pos- 
sesses such an influence (16). 

Ovulation is accelerated by the removal of 
corpus luteum, for we find that if at an early 
period of the sexual cycle we cut out all the 
corpora lutea, the next ovulation is much 
accelerated and the sexual period shortened. 
These experimental findings were recently 
confirmed by Raymond, Pearl, and Surface 
(17). They showed that injections of corpus 
luteum extract into fowl delayed or prevented 
ovulation; the number of eggs laid was con- 
siderably diminished in the injected animals. 
We carried out a few similar experiments on 
guinea pigs. While in some injected guinea 
pigs ovulation was apparently delayed, in 
others it took place at the expected term de- 
spite the fact that these animals had repeated- 
ly received large doses of lutein (18). We 
may therefore conclude that injections of 
lutein extract cannot wholly take the place of 
the living corpus luteum. Whether or not 
they can do so partially in mammals, I am not 
prepared to say on the evidence at hand. 

The acceleration of ovulation produced 
through extirpation of the corpora lutea is 
limited; the next ovulation has to await the 
maturation of follicles. Without the presence 
of mature follicles a new ovulation cannot 
take place even in the absence of corpora 
lutea. 

There is a third set of accessory factors of 
significance in the occurrence of ovulation, 
chief among which is copulation. The im- 
portance of this factor varies considerably in 
different species of animals. In the guinea 
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pig it has at best only a slight significance; 
on the other hand, it is very important in the 
rabbit, where usually, despite the presence 
of the first two factors, ovulation does not 
take place without a preceding copulation (19). 

Ovulation is retarded by the presence of 
deciduomata. There is no doubt that the 
presence of an experimentally produced decid- 
uoma in the uterus (or its equivalent during 
pregnancy the maternal placenta —vde infra) 
as long as it is growing or at least living, has a 
certain delaying effect on ovulation (20). 
This effect, however, is only present provided 
the corpora lutea have not previously been 
extirpated. If this has been done the pre- 
mature ovulation occurs, even in the presence 
of a well developed deciduoma (21) and, as 
we shall shortly see, of a maternal placenta. 

We must therefore assume that the decidu- 
oma either acts by prolonging the functioning 
of the corpus luteum and thus indirectly pre- 
venting copulation, or that we have to deal 
with the summation of the effect of corpora 
lutea and deciduoma under conditionsin which 
either alone would be too weak to prevent 
ovulation. 

But this delay is only temporary; sooner or 
later the ovulation takes place notwithstand- 
ing the presence of a deciduoma. Whether 
or not in such cases ovulation has to be pre- 
ceded by the death of the greater part of the 
deciduoma is at present still an open question. 
It seems, however, that extirpation of the 
whole or of the greater part of the uterus even 
without the presence of deciduoma, may lead 
to a prolongation of the life of the corpus 
luteum and a delay in ovulation (18). Here 
also further investigations are necessary. 
Extirpation of the greater part of the thyroid 
on the other hand, need not be followed by a 
delay in ovulation in the guinea pig (20). 

Prolonged retardation of ovulation occurs 
as the result of the presence of a corpus luteum 
of pregnancy. During pregnancy the corpus 
luteum persists—at least in the guinea pig— 
and therefore no ovulation takes place during 
pregnancy. There is at present no species 
of animals known where ovulation occurs 
during pregnancy. If we extirpate the cor- 
pora lutea of a pregnant guinea pig, however, 
at the time when such an interference does 

















not necessarily lead to an interruption of 
pregnancy, a new ovulation occurs in the 
pregnant animal just as early as in a non- 
pregnant animal under the same conditions. 
Such an ovulation during pregnancy may take 
place without leading to abortion. It is 
therefore essentially the function of the cor- 
pus luteum which prevents a new ovulation 
during pregnancy and not the direct action of 
the embryo. It is possible that in certain 
species secondary factors active during preg- 
nancy are added to the influence of the corpus 
luteum. This we would have to assume, 
if in some species the corpora lutea should be 
found entirely absent during the second part 
of pregnancy. 


It would be of great interest to discover the factor 
responsible for the prolonged life of the corpus lute- 
um during pregnancy. We suggested formerly the 
possibility that the embryo has such a function; 
however, a more recent observation makes the cor- 
rectness of this hypothesis doubtful. In an early 
stage of an extra-uterine pregnancy experimentally 
produced we observed degeneration of the corpora 
lutea and subsequent new ovulation notwithstand- 
ing the presence of a living embryo of autochthonous 
origin (21). Furthermore, interesting experiments 
of R. T. Frank, who found that implantation of 
foetal structures into rats, which led to the produc- 
tion of teratomata, did not prevent degeneration of 
corpora lutea, point to the same conclusion (22). 
It is therefore in all probability not the direct in- 
fluence of the embryo which prolongs the life of 
the corpora lutea and prevents ovulation during 
pregnancy. We stated above that in cases in which 
growing deciduomata were present in the uterus, 
ovulation was delayed and apparently the life of 
the corpora lutea prolonged. Thus it is possible 
that the maternal placenta plays an active réle in 
preserving the life of the corpora lutea. Whether 
this effect is direct or indirect, perhaps by influencing 
of circulatory conditions in uterus and ovaries, is 
as yet uncertain. We may consider it as very prob- 
able that the same factors which prolong the life 
of the corpus luteum during pregnancy, are also re- 
sponsible for the greater development of the theca 
interna (23) and for the development of decidua- 
like cells in the cortex of the ovary and occasionally 
elsewhere in adjoining organs in woman. 

After we had established the significance of 
the corpus luteum for ovulation, two questions 
had still to be decided. (1) Is the effect 
of the corpus luteum in preventing ovulation 
a merely mechanical one or is it due to more 
complex action? (2) Does the corpus lute- 
um prevent ovulation by interfering with the 
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maturation of follicles or by preventing the 
rupture of the follicle? 

As to the first question we could show that 
the effect of the corpus luteum is not a 
mechanical one. Extirpation of other parts 
of the ovary are without effect. Extirpation 
of the corpus luteum in one ovary affects 
ovulation in the other ovary. Inasmuch as 
the presence of sensory nerves in rapidly 
developing corpora lutea at early stages of 
development is improbable, we have to assume 
that the action of the corpus luteum is a chem- 
ical one. A substance secreted by the corpus 
luteum affects the follicles either directly or 
indirectly through influence upon the vaso- 
motor nerves in the ovary. 

As to the second question, we can state that 
in the guinea pigand rabbit, the corpus luteum 
merely prevents ovulation, and not the ma- 
turation of follicles which takes place in a 
normal manner (24). Possibly the same fac- 
tor which prevents ovulation may, in other 
species, as for instance in man, have the ad- 
ditional power of preventing the full develop- 
ment of the follicles. At least it seems that 
in man and certain other species a full de- 
velopment of follicles does not take place 
during pregnancy (23). If the finding of 
Stratz, who states that in Tupaja and some 
related animals well-developed corpora lutea 
are absent during the latter part of pregnancy, 
is correct, then we would have to assume 
that some other factor than the corpus lute- 
um prevents the full development of follicles, 
an interpretation which would harmonize 
well with the fact that in certain species 
follicles become mature during pregnancy (24). 

In discussing the action ofinterstitial gland 
we mentioned above that Ancel and Bouin (6) 
assume that the occurrence of periodic corpora 
lutea and of interstitial gland are mutually 
exclusive; this would imply that animals with 
an interstitial gland do not ovulate spon- 
taneously. We found that in animals with 
periodic corpora lutea (guinea pig), the pres- 
ence of corpora lutea leads to an inhibition of 
ovulation. Now, if it should prove correct 
that animals possessing an interstitial gland 
do not ovulate spontaneously, we may sug- 
gest that possibly the so-called interstitial 
gland is the structure responsible for this in- 
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hibition, that it increases the tonus of those 
mechanisms which oppose ovulation; therefore 
additional factors, as copulation, must come 
into play in order to overcome the greater 
strength of the inhibitive factors. At present 
we can regard such a statement merely as a 
hypothesis which may, however, deserve 
consideration. 


III. RELATION OF OVARIAN TO UTERINE CYCLE 

After this analysis of the self-regulating 
mechanisms within the ovary and especially of 
the réle of the corpus luteum in this mechan- 
ism, and of the factors underlying ovulation, 
we shall next consider the relation between 
ovarian and uterine cycles. 

The anatomist, Born, expressed, hypothet- 
ically, the view that it is the function of the 
corpus luteum to make possible the nidation 
of the ovum in the uterine mucosa and to in- 
sure the development of the embryo. L. 
Fraenkel (25) put Born’s hypothesis to an 
experimental test on rabbits that had copu- 
lated, by inquiring into the effects of cas- 
tration and of burning out of the corpora 
lutea on the course of pregnancy. He came 
to the conclusion that castration as well as 
burning of the corpora lutea in the first half 
of pregnancy led to retrogression of pregnancy 
and to abortion. The number of the experi- 
ments on which he based his conclusion was, 
however, relatively small; furthermore, preg- 
nancy is readily influenced by other opera- 
tive and experimental procedures; and there- 
fore in the years following Fraenkel’s publica- 
tion, hif conclusions, as far as they concerned 
the effect of the corpora lutea on pregnancy, 
were not accepted by many, perhaps not by 
the majority of gynecologists, while the effect 
of ovariectomy was conceded if not by all, 
at least by the larger number of investigators. 
It was only several years after the significance 
of the corpus luteum for the uterine cycle 
and for the development of the maternal 
placenta had been established by safer 
methods (26) that Fraenkel (27) in another 
publication published the results of a larger 
number of experiments which showed that 
after removal of the corpora lutea pregnancy is 
interrupted in a much greater number of cases 
than after other experimental interferences. 
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But even granted that the extirpation of 
corpora lutea during the first half of pregnancy 
interferes with the progress of pregnancy, 
such a conclusion would not give us any in- 
sight into the manner in which the corpus lute- 
um affects the uterine mucosa. On this basis 
any explanation would be purely hypothetical. 
As a matter of fact Fraenkel did not express 
clearly his views as to the manner in which the 


corpus luteum acted on the uterine mucosa. 


He speaks of a softening, trophic, hyperzmis- 
ing influence of the corpus luteum on the 
mucosa which makes it suitable for the nida- 
tion and development of the ovum. He 
disclaims the belief that the corpus luteum 
has necessarily anything to do with the de- 
velopment of the maternal placenta (25). 

The experimental method used by Fraenkel 
was not suited to throw light on the influence 
exerted by the corpus luteum on the uterus. 
This influence could be elucidated only in 
experiments in which the changes in the uterus 
could be studied directly without the inter- 
ference of a fertilized ovum. It was therefore 
necessary to exclude pregnancy. This we 
accomplished either by ligation of the fal- 
lopian tubes soon after copulation, or by 
using guinea pigs (females kept separated 
from males) in which heat had been observed 
(26). In the normal guinea pig, a sponta- 
neous ovulation takes place at the time of heat 
in almost all cases. The same principle was 
later applied by Bouin and Ancel in a some- 
what modified form (28); these investigators 
prevented pregnancy and determined ovula- 
tion by copulating female rabbits with a male 
whose vasa deferentia had been previously 
ligatured. We succeeded furthermore in 
substituting ordinary foreign bodies and other 
mechanical stimuli for the action of the ovum 
and thus we were able to analyze the factors 
that regulate the cyclic changes in the uterus 
and the development of the maternal pla- 
centa. 

We shall present in the following paragraphs 
some of the principal conclusions (26) de- 
rived from these investigations. If we apply 
certain well-defined mechanical stimuli to a 
uterine mucosa which has been previously 
sensitized by the internal secretion of the 
corpus luteum, a maternal placenta is pro- 
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duced at the place of stimulation. The 
mechanical stimulus takes the place of the 
ovum. Without the presence of a mechanical 
stimulus the uterine mucosa undergoes slight 
decidual changes under the influence of a 
substance secreted by the corpus luteum. 
We may assume that in the latter case the 
stimuli present in normal life and acting on a 
sensitized uterus produce these proliferative 
changes. 

After the foregoing facts had been establish- 
ed by the writer, Ancel and Bouin (28) in 
the case of the rabbit, and ourselves (20) 
in the case of the guinea pig, studied in detail 
the parellelism between the development of 
the corpus luteum and the cyclic changes in 
the uterine mucosa. The experimental pro- 
duction of the maternal placenta has been 
accomplished by ourselves and subsequently 
by Bouin and Ancel, Biedl and others, in the 
case of the rabbit and guinea pig, and by R. 
T. Frank (22) in the case of the rat. 

It is possible to produce experimentally 
a much larger quantity of maternal placenta 
than is ever produced in life. In this as in 
other cases, there is present a margin of 
reserve force which is not called upon in the 
actual conditions of life. 

Variations in response to the sensitizing 
substance were noted. Certain relations exist 
between the quantity of the chemical sub- 
stance given off by the corpus luteum and the 
response obtained by a mechanical stimulus. 
The mechanical (in the case of the maternal 
placenta) or the metabolic stimulus (in the 
case of the ordinary cyclic decidual changes) 
elicits a response in the form of growth pro- 
cesses of the uterine mucosa only after the 
latter has received a certain quantity of this 
substance and has thus been sensitized. If 
the mechanical stimulus is applied at the time 
at which the corpus luteum is beginning to 
secrete, no growth reaction, or only a trace, 
is obtained. On the other hand, after the 
substance has fully sensitized the uterine 
wall, the secretion of the substance continues 
for a few more days and increases the growth 
reaction which has now reached its maximum 
development. By experiments in which the 
uterus is transplanted at various periods of 
sensitization the curve of sensitization can be 
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established and furthermore it can be proved 
that the secretion of the substance continues 
for some time after the mechanical stimulus 
has been applied if the optimum time has 
been selected. The egg fixes itself in the 
uterine mucosa at approximately the time 
when the maximum sensitization of the mu- 
cosa has been obtained. 

The sensitizing substance is not individual— 
specific; the substance of one individual is 
able to call forth growth processes in the 
sensitized uterus of a different individual of 
the same species. But certain other sub- 
stances (homoiotoxins) in the second individ- 
ual cause the reaction in the strange organism 
to be less marked than in the organism to 
which it belonged. 

The sensitizing substance produces in each 
species specific growth reactions, which differ 
from those produced in other species. The 
structure of the experimental deciduomata 
in a given species corresponds to the normal 
structure of the maternal placenta during 
pregnancy. It is probably this unlikeness 
in the structure of the placenta in various 
species (dependent upon quantitative dif- 
ferences in the cell proliferation of various 
tissues and on differences in the period at 
which this cell proliferation sets in) that ac- 
counts for the apparent dissimilarity in read- 
iness of response to stimuli producing arti- 
ficial deciduomata. 

In the guinea pig and probably in the rabbit 
the sensitization through corpus luteum sub- 
stance is strictly limited to the mucosa 
of the uterus. In the guineapig, deciduoma- 
ta or decidual reaction can be experimentally 
produced only in the uterine mucosa. With 
this fact accords the observation that in cases 
of extra-uterine pregnancy in guinea pigs, 
which were found by the writer (7) occur- 
ring in the ovaries as the result of partheno- 
genetic development of the egg and in a case 
experimentally produced on the peritoneal 
side of the uterus (21), only the embryonal 
placenta is produced without any reaction 
on the part of the surrounding maternal tissue. 
But while the egg can fix itself without de- 
cidua, the development of the embryo under 
these conditions is very much retarded and 
remains incomplete, and apparently the later 
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stages of embryonal development are not 
reached. 

It is different in women and perhaps in 
certain other mammals. Here we normally 
find during pregnancy that in the cortex of 
the ovary and in adjoining organs elsewhere 
there is a transformation of stroma cells into 
cells which at least resemble decidua cells. 
It seems furthermore that in these species 
decidua can be produced in the fallopian 
tubes in cases of tubal pregnancy. In the 
guinea pig, it has so far been impossible for 
the writer to produce tubal pregnancy experi- 
mentally, and as previously stated in those 
cases in which extra-uterine pregnancy was 
produced or observed elsewhere than in the 
tube, a much delayed development occurred 
apparently not leading to the formation of a 
mature foetus. May not the explanation 
be that the difference in the readiness with 
which extra-uterine pregnancy develops in 
different species depends in part at least 
upon the readiness with which the stroma of 
the host responds with the production of a 
decidua favorable for the development of the 
embryo? 

Deciduomata produced experimentally 
have a limited existence varying in different 
cases. They usually become necrotic after a 
life extending over a period varying ap- 
proximately between 12 and 20 days. The 
cyclic proliferation in the uterine mucosa 
has a duration of only a few days. Extir- 
pation of the ovaries or of the corpora lutea 
at a time when enough sensitizing substance 
has reached the uterine mucosa to cause pro- 
duction of deciduomata, in the majority 
of cases not only prevents the deciduomata 
from attaining their full size, but causes an 
earlier and more extensive degeneration of 
such deciduomata as develop under these 
conditions. The necroses observed in these 
cases are usually combined with hemorrhages 
and it appears that the hemorrhages are the 
cause of at least a considerable part of the 
necroses. 

On the other hand, deciduomata produced 
by mechanical meansinone horn of the uterus, 
while the other horn is pregnant, show a great 
prolongation of life, at times through the 
whole period of pregnancy; this prolongation 


SURGERY, GYNECOLOGY AND OBSTETRICS 


of life of the deciduoma accords with the fact 
that during pregnancy the decidua remains 
alive unless the chorionic cells of the embryo 
destroy it. But the behavior of the deciduo- 
mata in a non-pregnant horn of the uterus 
proves that this prolongation of life is not due 
to the direct localized effect of the embryo or 
chorion, but to a distant effect of either the 
embryonic structures or of the corpora lutea 
which persist during pregnancy. 

Which one of these alternatives is the true 
cause of the prolongation of life of the decidu- 
omata during pregnancy we cannot definitely 
decide. We may, however, state that if the 
corpus luteum should prove to be the cause 
of the longer life of the decidua, this effect 
cannot be due to a continuous elaboration 
by the corpus luteum of the substance which 
calls forth the growth of the decidua or of the 
deciduoma; for we can show that at a time 
when the life of the deciduoma is thus pro- 
longed, the sensitizing substance is no longer 
produced in the corpus luteum, or is produced 
in such small quantities that it is no longer 
able to effect a sensitization to mechanical 
growth stimuli; in fact, the production of this 
sensitizing substance extends only over a 
relatively short period in the early life of the 
corpus luteum. 

We must then assume either that we have 
to deal with two entirely different actions of 
the corpus luteum, the one responsible for 
the sensitization of the uterus and the other 
for the prolongation of life of the deciduoma, 
or that only one substance is secreted but in 
different quantities at different periods of the 
life of the corpus luteum. A sensitization 
leading to the new formation of decidua 
would require a much greater quantity of 
substance than preservation of decidua al- 
ready produced. 

It is a well-known fact that, in cases of 
tubal pregnancy in woman, decidual changes 
can be found in the uterus. In this case we 
evidently have to deal with a similar condi- 
tion. The decidual growth in the uterus 
initiated through the developing corpus luteum 
in a manner corresponding to the one found 
normally at a definite period of the sexual 
cycle in the guinea pig and rabbit (but pos- 
sibly somewhat more vigorous under the in- 
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fluence of the corpus luteum of pregnancy) 
is protected from the degenerative processes 
which would affect it without pregnancy, just 
as the deciduoma is kept alive through ‘“‘dis- 
tance action”’ during pregnancy. 

IV. CYCLICAL CHANGES IN THE 

Corresponding to the cyclic changes in 
the ovary a definite cycle of changes occurs 
in the uterus (20 and 28). This cycle in- 
cludes alternating periods of activity and 
rest and manifests itself in changes in epithe- 
lial as well as in connective-tissue structures. 
It is impossible at this place to attempt a 
description of these changes, but casual men- 
tion may be made that in the guinea pig, 
solely on the basis of these uterine changes, 
it is possible to determine whether an ovula- 
tion is impending or whether it has just been 
completed without recourse to an examina- 
tion of the ovaries (20). As far as the mech- 
anism of these changes is concerned we can 
divide the cycle into two or more periods. 
The first period, comprising the heat changes 
in the uterus and the changes accompanying 
and directly following ovulation, is not caused 
by the activity of the corpus luteum but on 
the contrary is actually prevented by it. 
Preceding extirpation or degeneration of the 
corpora lutea is a prerequisite for this phase 
of the uterine cycle. It does not, however, 
occur in the absence of the ovary (26, 20 
and 16). The question, therefore, arises as 
to which part of the ovary is responsible for 
these changes in the uterus. 

That the so-called interstitial gland causes 
heat and ovulation is improbable for the 
following reasons: (a) In the guinea pig and 
numerous other species, an_ interstitial 
gland in the sense in which we use this term, 
does not occur. (6b) The analogon of an 
interstitial gland, the theca interna of atretic 
follicles is very strongly developed at periods 
in which heat is absent, as for instance 5 to 7 
days after ovulation, and is present also in 
old guinea pigs or in animals with so-called 
hypotypical ovaries (24). (c) If we examine 
the ovaries of guinea pigs at the period imme- 
diately preceding their first ovulation, we 
find only a relatively small number of atretic 
follicles, and the so-called interstitial gland 
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or its analogon plays no significant part in 
such an ovary. There are, however, one or 
more mature follicles invariably present at 
the time of heat. The character of the granu- 
losa cells of mature follicles differs in certain 
respects from those of ordinary large follicles. 
It is therefore probable that, in the absence 
of the inhibiting substance secreted by the 
corpus luteum, the mature follicles give off 
the substance causing the phenomena of 
growth and produce the circulatory changes 
characteristic of this period. We have some 
ground for the belief that directly or indirectly 
the same two factors (presence of mature 
follicles and absence of corpora lutea) are 
likewise responsible for the psychical mani- 
festations of heat in those species in which 
sexual desire is limited to certain periods. 
On the whole the psychical signs of heat are 
more variable than the bodily manifesta- 
tions, and, with the gradual development of 
a thought world, substituting in the individual 
to some extent the real world, these psychical 
phenomena become more or less independent 
of the factors to which they owe their origin. 
While it is thus very probable that the mature 
follicles are responsible for this phase of the 
sexual cycle, we can at the present time not 
altogether exclude the participation of some 
other constituents of the follicular apparatus. 

The second phase of the sexual cycle stands 
under the influence of the corpus luteum. The 
corpus luteum calls forth weak decidual 
growth processes in the non-pregnant animal. 
In case pregnancy does not develop this 
phase is followed by a third phase in which the 
corpus luteum has ceased to secrete the growth 
substance and retrogression of the proliferative 
changes of the second phase takes place. If 
pregnancy does take place, the proliferation 
proceeds to the formation of a decidua. In 
the fourth phase this substance is likewise ab- 
sent and the uterus is resting. Even if preg- 
nancy does occur, the corpus luteum ceases to 
produce the growth substance at the same 
time as without pregnancy. In both cases 
this substance is present in the guineapig only 
from the second or third to the eighth or 
ninth day after ovulation. The conclusion 
that in the third and fourth phases of the 
sexual cycle the growth substance of the 
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corpus luteum is no longer secreted, is not 
merely an hypothesis based on histological 
inferences, but has been definitely proved by 
us through several series of experiments (26). 

We note above that through the extirpation 
of corpora lutea a new ovulation and with it 
the onset of a new sexual cycle in the uterus 
can be accelerated. This experimentally 
accelerated heat and ovulation calls forth the 
same course of cyclic changes in the uterus 
which would be found in the case of ovulation 
at the normal time. There is, however, one 
exception to this rule; if in a pregnant animal 
all the corpora lutea are excised, the onset of 
a new ovulation is hastened as was stated 
above, but during pregnancy the accelerated 
ovulation is not followed by the onset of a 
new cycle in the uterine mucosa (20). Even 
places of the uterine mucosa distant from the 
insertion of the ovum, do not undergo any of 
the cyclic changes noted in non-pregnant 
animals. During pregnancy there must there- 
fore be present some (chemical—?) mechan- 
ism which neutralizes the effect of the sub- 
stances which affect the growth phenomena 
in the uterus (mature follicles—?) and corpora 
lutea). There is therefore a double mechan- 
ism which protects the pregnant animal from 
a new ovulation and its effects, namely, (a) 
the persistence of the corpus luteum which 
prevents a new ovulation during pregnancy, 
and (b) if this barrier should be broken there 
remains a second as yet unanalyzed line of 
defense by which the uterus is prevented from 
reacting in the usual manner to the growth 
substances produced in the ovary. 

Is action of corpus luteum on uterus and on 
ovary due to production of two substances? 
During the early period of its existence the 
corpus luteum, as stated, produces a growth 
substance which affects the uterus. After 
the first period has passed the existence of 
this substance cannot be demonstrated, de- 
spite the fact that the uterus maintains its 
power to react to such a substance in the 
typical manner (26)—as shown by the effects 
of an artificially accelerated ovulation (16 
and 20). On the other hand, we have seen 
that the corpus luteum produces throughout 
a much longer period of its existence a sub- 
stance which prevents ovulation (16). Shall 
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we then conclude that the corpus luteum 
produces two different substances, one deter- 
mining growth processes in the uterus and the 
other the inhibition of ovulation, or are we 
dealing with differences in the quantity in 
which one and the same substance is produced 
at different periods of the life of the corpus 
luteum? In the latter case we would have to 
make the further assumption that for the 
growth effects a much larger quantity of this 
substance is required than for the inhibition 
of ovulation. This question cannot be defi- 
nitely answered at the present time, but we 
must consider it a step forward that the es- 
tablished facts make it possible to put the 
problem in such a definite manner. 

After the mechanism of the cyclic changes 
in the uterus had thus been experimentally 
analyzed in the case of non-menstruating 
animals, it was of interest to correlate with 
this cycle the cyclic changes found in the 
uterus of menstruating animals. The cyclic 
changes in the uterus of menstruating animals 
have been studied especially by Heape (29), 
Marshall (30), and Hitschmann and Adler 
(31). Subsequently Robert Meyer (2), 
Ruge (32), Schroeder (33), and others ap- 
plied the knowledge which the experimental 
analysis of the sexual cycle in the guinea pig 
and rabbit had furnished, especially as to the 
significance of the corpus luteum, to the study 
of the sexual cycle in woman, and correlated 
these cyclic changes with the periods of de- 
velopment and decline of the corpus luteum. 
A consistent comparison between these 
cycles led necessarily to the conclusion that 
the growth processes in the uterus must be 
preceded by ovulation and thus the views 
of L. Fraenkel (25 and 27) who maintained 
that ovulation preceded menstruation were 
confirmed. We may then infer that conditions 
in woman are essentially the same as in the 
animals in which the mechanism of the 
sexual cycle had previously been established 
by experiment. Uterine heat and ovulation 
and the morphological changes accompany- 
ing them depend upon the absence of the 
corpus luteum, while the decidual changes and 
phenomena of secretion in the glands, depend 
upon its presence. Menstruation introduces 
a complication into the cycle, inasmuch as 
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the cessation of growth processes is followed 
by necrotic changes in the mucosa and by 
hemorrhages. These changes are perhaps 
in some respects analogous to those observed 
in deciduomata and in tumors; here, also, a 
cessation of growth processes is followed by 
hemorrhage and necrosis of the tissues. In 
the uterine cycle of menstruating animals, 
there is therefore added to the growth phe- 
nomena initiated by the corpus luteum and 
mature follicle a secondary growth process, 
namely, a regeneration of defects in the uter- 
ine mucosa. 

It is highly probable that vasomotor phe- 
nomena play some part in menstruation. 
These vasomotor phenomena are normally 
dominated by the ovary and probably by the 
corpus luteum. Menstruation commonly 
ceases soon after castration and reappears 
after transplantation of the ovaries, 
Halban (34) and others have shown. Obser- 
vations have, however, been recorded (Gell- 
horn, 35, and others) which seem to indicate 
that menstruation may persist for a long 
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period of time without the presence of ovaries. 
It is possible that in those cases which were 
complicated by inflammatory processes in the 
pelvis remnants of ovaries had remained, inas- 
much as the complete absence of the ovaries 
has, as far as we are aware, not been veri- 
fied by autopsies. But if it is true that men- 
struation may actually occur permanently 
without the presence of ovaries and not 
merely for a brief period following castration, 
we would have to assume that certain vaso- 
motor phenomena after they have once been 
initiated by the ovaries may later be called 
forth through processes in the cerebral nervous 
system. The fact that hypnotic suggestion 
can influence the time of the onset of men- 
struation indicates that the central nervous 
system does play a certain réle in menstrua- 
tion. 

There are certain animals in which the 


uterine cyclic changes are still wrongly 
interpreted by some recent workers. I refer 


particularly to the cycle in the dog. Here 
slight hemorrhages seem to occur during the 
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period of heat; these haemorrhages have been 
erroneously analogized with menstruation in 
primates. The careful work of Keller (36), 
however, makes it perfectly clear that these 
hemorrhages are due to the hyperemia 
which characterize the uterine mucosa at 
the time of heat and ovulation. True men- 
struation evidently does not occur in the dog. 
The cycle in the dog accords therefore in all 
essentials with what has been established 
experimentally in the guineapig and in the 
rabbit, and likewise confirmed in the case of 
woman. It is therefore inadmissible to use 
such cyclic changes as an argument against 
the significance of the corpus luteum for men- 
struation. 


V. OTHER NON-CYCLICAL OVARIAN INFLUENCES 

In addition to the functions which we have 
discussed so far and which refer to cyclical 
changes within the ovary and uterus, the 
ovary exérts a trophic influence of a non- 
cyclical nature. After extirpation of the 
ovaries the uterus becomes markedly atro- 
phic. This effect, however, does not im- 
mediately follow castration. Considerable 
time must elapse before the atrophy becomes 
very marked. In a similar manner atrophy 
of the mammary gland follows castration. If 
the castration takes place before puberty, 
neither uterus nor mammary gland become 
sexually mature. Likewise at the onset 
of the menopause atrophic conditions in the 
ovary are accompanied by atrophy of uterus 
and mammary gland. Through transplan- 
tation of the ovaries in animals and man, it 
has been possible to prevent the atrophy of 
the uterus and mammary gland which follows 
castration or lack of function of the ovaries. 
(Morris, 37; Knauer, 38; Halban, 39; Marshall 
and Jolly, 40; Martin, 41; and others.) 

The ovary determines the development of 
secondary sexual characters in the female, and 
it is even possible through transplantation 
of the ovaries into castrated males to call 
forth growth processes in the mammary gland 
(Steinach, 42; Athias, 43), and to change male 
into female psychical characters (42). As 
Steinach has shown, the ovaries not only 
stimulate the development of female sexual 
characters but also inhibit the development 
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of male characters (42). On the basis of the 
effect of transplantation of the ovaries we 
may conclude that the ovaries exert this in- 
fluence through a substance given off into the 
circulation. This substance then acts on the 
uterus and mammary glands and other organs 
either directly or through the nervous system. 
Which part of the ovaries exerts this function 
it is impossible to state at present with any 
degree of certainty. Steinach believes, it 
seems to me without sufficient foundation, 
that the interstitial gland is responsible for 
this effect. Pearl, who describes in a cow 
the change from certain female into male 
characters, believes that the absence of a 
substance secreted by the corpus luteum was 
responsible for this change, because the cystic 
ovaries of the animal contained all ovarian 
constituents with exception of the corpus 
luteum (44). 


In more recent experiments Pearl (45) succeeded 
in diminishing in female fowl the retardation in 
growth characteristic of the female sex by adding 
Ca salts to the diet; corpus luteum substance or 
extracts of corpus luteum in NaCl solution coun- 
teracted the effect of the Ca salts and thus tended to 
preserve the female differential characters. Pearl 
concludes therefore that the corpus luteum is re- 
sponsible for the production of secondary sexual 
characters. And inasmuch as corpus luteum is not 
present in fowl, he furthermore concludes that an 
identical substance must be produced also in other 
parts of ovary. If this assumption should prove 
correct, it then would follow that there are several 
active substances in the corpus luteum, because the 
substances through which the corpus luteum affects 
the cyclic changes in the uterus and which regulate 
ovulation, are not present in the rest of the ovary 
but only in the corpora lutea, and the substance 
responsible for the cyclic changes in the uterus 
appears only at certain periods in the life of the cor- 
pus luteum. At best we can therefore assume on 
the basis of Pearl’s interesting experiments that 
certain substances present in the corpus luteum are 
not sepcific, but common to both the corpus luteum 
and the rest of the ovary. It would be very de- 
sirable to carry on control experiments in which 
ovarian instead of corpus luteum substance were 
used in similar experiments. 


VI. EFFECTS PRODUCED BY OVARIAN EXTRACTS 

Attempts have been made to throw ad- 
ditional light on the character of the active 
substances in the ovaries by injecting extracts 
or press juices of constituents of the ovaries 
or other organs into virgin or castrated 
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animals. We found that the repeated inocu- 
lation of the corpus luteum of the guinea 
pig at a time when it was known to contain 
the active growth substance, into other guinea 
pigs, did not have the effect of the living cor- 
pus luteum which is secreted continuously 
within the organism. It is, however, possible 
that it exerted a slight effect in one or two 
cases. R.T. Frank (47) found that injection 
of corpus luteum substance obtained from 
other species was without effect on the cyclic 
changes of the uterus and did not permit the 
production of deciduomata. In more recent 
experiments we found that injection of cow 
corpus luteum extracts in NaCl solution does 
not prevent necrosis of the deciduomata nor 
does it prolong the life of deciduomata in 
guinea pigs (18). On the other hand, recent 
experiments by Aschner (48), Adler (49), 
Fellner (50), Schickele (51), Okintschitz (52), 
seem to establish the fact that injection of 
extracts or press juices of ovaries and placenta 
cause hyperemia of conjunctiva and vulva, 
and hyperemia and thickening of the uterus. 
The epithelium of the uterus becomes higher 
and the connective-tissue cells of the mucosa 
vesicular. In estimating the significance of 
this latter work we must emphasize (1) that 
the results of various investigators are con- 
tradictory as to the active constituent in the 
ovary; while some find the corpus luteum ef- 
fective, the majority find it inactive or at 
least less active than other parts of the ovary. 
There are also discrepancies as to the effect of 
boiling and the effect of the medium of extrac- 
tion on the efficacy of the extract. (2) It has 
been erroneously assumed by some investiga- 
tors that cyclic growth processes in the uterus 
have been imitated through the injection of 
these substances. On the contrary, it seems 
that the typical effects which the corpus lute- 
um exerts in the living state have in no case 
been reproduced in these experiments. On 
the other hand, they seem to establish the 
fact that circulatory effects and a turgescent 
condition of the uterus can be produced 
through injection of these substances and 
that the atrophy of the uterus following castra- 
tion probably can be avoided. (3) It is 
uncertain how far the results obtained with 
extracts of generative organs are specific for 
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these extracts. Sufficient control experiments 
with other organs are as yet lacking. It seems, 
however, that thymus extract acts similarly 
to extracts of generative organs (50). 

These experiments can at best supple- 
ment results obtained by means of better 
methods, but it is inadmissible on the basis 
of such experiments to invalidate conclusions 
which rest on an experimentally secure foun- 
dation. 


VII. FERMENTS IN THE OVARY AND UTERUS 

A few authors investigated certain chemical 
actions of uterus and ovaries in vitro, in order 
to throw light on the character of the sub- 
stances given off by the ovary and transmitted 
to the uterus. Thus Halban and Frankl (53 
and Aschner (54) found the uterine mucosa to 
contain a tryptic ferment which was apparent- 
ly present in increased quantity during the 
premenstrual period. Halban assumes that 
this tryptic ferment is responsible for the de- 
cidual transformation of the uterine mucosa. 
It is, however, apparent that this investigator 
did not obtain the proliferative changes char- 
acteristic of true decidua, but obtained 
merely a non-specific swelling of cells, such as 
alkali and trypsin produce in gelatin. R. T. 
Frank (55) showed in a very careful investiga- 
tion that erepsin as well as amylase and lipase 
are present in the placenta. Schickele (51) 
found in the ovary and in the uterine mucosa 
substances which inhibit coagulation of blood 
and produce hyperemia. He believes that 
these substances originate in the ovary, are 
transmitted to the uterus, and are responsible 
for the menstrual bleeding. While it is very 
probable that these substances play an impor- 
tant part in the menstrual hemorrhage, it is 
very unlikely that they originate in the ovary 
and are merely given off to the uterus. 

In conjunction with Moyer S. Fleisher, we 
found that the uterine mucosa and ovary of 
the guinea pig exerts the strongest fibrinolytic 
power of any organ in the body which we 
examined (56). The uterus of the rabbit also 
exerts a strong fibrinolytic power. The ovary 
of the rabbit, on the other hand, is devoid of 
this power. We may therefore conclude that 
the fibrinolytic power of the uterus is not 
derived from the ovary but originates inde- 
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pendently in the uterine mucosa. It is very 
probable that the fibrinolytic and coagulation 
inhibiting substances are identical and that 
they are of importance in menstrual bleeding, 
but it is quite evident that these substances 
are not identical with the substances sent 
from the ovaries to the uterus which are re- 
sponsible for the cyclic changes in the uterus 
and for the prevention of its atrophy. 


VIII. INFLUENCE OF THE OVARY ON 
MAMMARY GLAND 

The relation between ovary and mammary 
gland is as yet incompletely analyzed. We 
know that, when castration is performed at 
an early period of life, the mammary gland 
remains undeveloped and that it atrophies if 
castration is practiced at a later period in life. 
If ovaries are transplanted into young male 
guinea pigs, the mammary gland begins to 
develop, to form acini, and even to secrete 
milk (Steinach, 42; Athias, 43). It is not 
definitely known at the present time which 
part of the ovary is responsible for this effect. 
Steinach, it seems to us on insufficient evi- 
dence, assumes that the interstitial gland is 
responsible for this effect. Athias found that 
in such male guinea pigs into which ovaries 
had been transplanted and the mammary 
gland had grown, corpora lutea were absent 
in the transplanted ovaries. He assumes, 
therefore, that either the follicles or inter- 
stitial gland caused the proliferation. 

Ancel and Bouin (57), as well as R. T. 
Frank and Unger (58), found in the rabbit a 
growth of the mammary gland concomitant 
with the development and growth of the 
periodic corpus luteum; and they are inclined 
to attribute this growth to the activity of the 
corpus luteum. During pregnancy _ this 
growth is followed by the production of milk. 
This secretory action is attributed to Hilde- 
brandt (59) and others to cessation of the 
growth stimulus; by Ancel and Bouin (60), 
though apparently without sufficient basis, to 
a so-called myometric gland which is found 
in the uterus during pregnancy, or after ex- 
perimental production of deciduomata. 

In conjunction with Cora Hesselberg, we 
(61) were able to show that the guinea pig the 
cycle of the mammary glands consists of 
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two phases analogous to the phases of the 
uterine cycle. The first phase, comprising 
the period of heat and the several days fol- 
lowing ovulation, shows mitotic cell prolifera- 
tion of the gland. This first phase depends 
upon the absence of the corpus luteum, but 
upon the presence of another constituent of 
the ovaries. This phase can be accelerated 
through early excision of the corpora lutea. 
The second phase, corresponding to the 
growth and activity of the corpus luteum, is 
not accompanied by proliferation of the 
gland; only toward the latter part of this 
period proliferation is resumed and becomes 
especially frequent in cases in which simul- 
taneously well-preserved deciduomata and 
corpora lutea are present. During preg- 
nancy, mitotic proliferation of the gland ap- 
pears only a little earlier than during the 
ordinary cycle unaccompanied by pregnancy. 
Experimentally accelerated ovulation during 
pregnancy is again accompanied by prolifera- 
tion of the mammary gland. We may then 
assume that in certain respects the mammary 
gland of the guinea pig requires a stronger 
proliferative stimulus than the mammary 
gland of the rabbit. The relation between 
functions of corpus luteum and mammary 
gland is apparently not as simple as could 
have been assumed on the basis of observa- 
tions in the case of the rabbit alone, especially 
if we consider with how great a regularity 
the mammary gland shows some proliferation 
in the guinea pig at the time of ovulation. 
During pregnancy the proliferation of the 
mammary gland is, at least in the guinea pig, 
much greater than during the ordinary 
sexual cycle. 

The cause of the proliferation during 
pregnancy is not definitely established. Lane- 
Claypon and Starling (62) sought the sub- 
stances causing proliferation and milk secre- 
tion in the embryonic tissues in the rabbit. 
R. T. Frank and Unger (58) showed that this 
effect of foetal extracts is not regular in the 
rabbit and is absent in the rat. Other in- 
vestigators (Aschner and Grigoriu, 63; Fell- 
ner, 50) obtained proliferation of the mam- 
mary gland through extracts of placenta and 
ovaries, but corpus luteum extract proved in- 
effective in the hands of Aschner and Grigoriu. 
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We found (18) in the guinea pig, aqueous 
corpus luteum extract without effect on the 
mammary gland, while according to recent 
not yet published experiments, R. T. Frank 
found that in rabbits the lipoid-bearing 
fractions of extracts of both placenta and 
corpus luteum were effective in producing 
proliferation of the mammary gland, while 
in the rat both were ineffective. The rat 
seems therefore to behave toward extracts 
in a way similar to the guinea pig, while the 
mammary gland of the rabbit seems to be 
much more responsive to the effect of extracts. 

At the present time the mechanism under- 
lying the cyclic changes in the mammary gland 
can be considered only as partly analyzed. 

Quite recently we found (64) that the ova- 
ries are of importance for the growth processes 
in the mammary gland in still another way. 
The function of the ovaries is to a great ex- 
tent responsible for the development of can- 
cer in the mammary gland in mice. If we 
castrate female mice at a time when they 
have already entered into the period of sexual 
maturity, the incidence of cancer of the breast, 
which is by far the most frequent cancer in 
mice, in strains with a hereditarily deter- 
mined high tumor rate, is reduced from ap- 
proximately 60 per cent or 70 per cent to 9 
per cent. We may attribute this effect of 
castration to the elimination of the cyclic 
growth stimuli which emanate from the 
ovaries and act on the mammary gland in the 
normal animal. It is uncertain which con- 
stituent of the ovary is responsible for this 
effect. 

As we have shown, the relations between 
ovaries and uterus are complex. Transitory 
organs like the corpus luteum and placenta 
enter into the play of mechanisms. It is 
now possible to separate experimentally the 
effect of the maternal and embryonal part 
of the placenta in these complex phenomena. 
Therefore, a beginning in this direction has 
already been made. It will be necessary 
eventually to complete this analysis. In 
addition we must consider the possibility 
that the relation between uterus and ovaries 
represents a chain of connected phenomena, 
of which the first and last members are uterus 
and ovaries, the intermediate links being 
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formed by other glands of internal secretion 
or certain nervous structures. An analysis 
of these latter relationships, however, is 
outside the realm of the problems to be dealt 
with in our report. 


SUMMARY 

Without attempting to present a complete 
summary of this paper, the following most 
important conclusions may be specially em- 
phasized: 

1. The ovary is a complex gland of which 
the most important constituents are follicles 
in various stages of growth and atresia, and 
corpora lutea. In addition we find in some 
species interstitial gland and sometimes em- 
bryonic structures developing parthenogen- 
etically from eggs. 

2. Cyclical changes occur both in the 
ovary and secondarily in the uterus and mam- 
mary gland. 

3. The primary cyclical changes in the 
ovary are in sequence: follicle ripening, ovu- 
lation, corpus luteum formation. In some 
species ovulation is accompanied by degenera- 
tion of all but the smallest follicles 

4. An elaborate self-regulating mechanism 
controls ovulation. Normally the corpus 
luteum inhibits ovulation. During preg- 
nancy the life of the corpus luteum is pro- 
longed. Experimentally ovulation can be 
influenced at will, accelerated by excising all 
corpora lutea, or retarded by producing arti- 
ficial deciduomata. The retarding action of 
the corpus luteum is chemical, not mechanical. 

5. The corpus luteum has a sensitizing 
action upon the uterus. This action can be 
analyzed by experimental methods. If the 
uterus is incised or mechanically stimulated 
at the time during which the corpus luteum is 
elaborating this growth substance, maternal 
placenta (deciduoma) is formed. The 
mechanical stimuli, therefore, assume in this 
respect the function which the ovum exerts 
under normal conditions. The form of growth 
response of each species is characteristic. 
The localization of sensitization varies in 
different species being limited to the uterus 
in rabbits and guineapigs, but distributed 
more widely in the human female. No 
specificity exists in the sensitizing substance 
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given off by the corpus luteum as far as dif- 
ferent individuals of the same species are 
concerned. The life period of experimental 
deciduomata is short except in pregnancy, 
during which their persistence is prolonged. 

6. Corresponding to and dependent upon 
the cyclical ovarian changes, uterine cyclical 
changes occur. The cycle consists of heat, 
growth with associated glandular activity, 
regression and interval. Heat probably is 
due to maturation of the follicles and depend- 
ent upon the absence of the corpora lutea; 
growth activity is the result of corpus luteum 
secretion; regression marks the cessation of 
corpus luteum secretion, which is followed 
in the interval by a condition of rest. Preg- 
nancy causing a persistence of the corpus 
luteum is characterized by an accentuation 
but not a prolongation of the active phase, 
and an inhibition of the uterine cyclical 
changes throughout gestation. 

7. While it is possible to produce, experi- 
mentally, during pregnancy a new ovarian 
cycle, through excision of the corpora lutea, 
such a new ovarian cycle is not followed by a 
new uterine cycle. During pregnancy a 
mechanism is at work preventing the uterine 
mucosa from responding to the stimuli given 
off by various ovarian structures. 

8. It follows from 4 and 5 and 6 that the 
corpus luteum subserves at least two func- 
tions, inhibiting ovulation and producing a 
substance which causes growth in the uterus. 

9. The ovary shows other non-cyclical 
functions. It has a trophic influence on the 
genitals and either primarily or secondarily 
determines the development of the secondary 
sexual characters. 

10. The ovary, likewise, controls the de- 
velopment of the mammary gland. It exerts 
a trophic influence on this organ and deter- 
mines its normal cycle. During heat and sub- 
sequent to ovulation proliferative changes 
occur; these cease while the corpus luteum 
develops and functionates. 

11. The incidence of breast cancer in mice 
is greatly reduced by castration. 
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TRANSPLANTATION AND RETENTION OF OVARIAN TISSUE 
AFTER HYSTERECTOMY 


By WILLIAM P. GRAVES, M.D., Boston 


i HE purpose of this paper is to inquire 
primarily into the influence of ovarian 
tissue retained in the body after 
hysterectomy, on the so-called ablation 

symptoms. In making such an inquiry, we 
must clearly define the nature of ablation 
symptoms and consider what theoretical 
knowledge we have of their causation. We 
must determine from experimental and clini- 
cal evidence the anatomical fate of retained 
ovarian tissue and must observe whether or 
not important changes take place in the 
physiological action of such tissue. From 
clinical statistics we must discover whether 
or not the retention of ovaries has a beneficial 
or preventive influence on ablation symptoms. 
In like manner it is necessary to learn whether 
the anatomical and physiological changes in 
retained ovaries may not be productive of 
pathological conditions capable of serious 
harm to the patient. Finally we must weigh 
the evidence of possible good and possible 
harm from ovarian retention. 


I. ABLATION SYMPTOMS 
Ablation symptoms may be classified as 
historic, traditional, and modern. By his- 


toric is meant that distressing symptom-com- 
plex which in the earlier days of surgery fol- 
lowed a considerable proportion of castra- 
tion operations, consisting of intense flushings = 
sweatings, palpitation, headaches, extreme 
and protracted weakness, sleeplessness and 
many other similar disturbances, that persist- 
ed sometimes for many years. In addition~ 
to these vasomotor changes, there were often 
associated hysterical and _ psychoneurotic 
manifestations that occasionally led to mental 
disorders of a still graver nature. Thanks 
to improved surgery serious sequelz like the 
foregoing are nowadays rarely encountered, 
for it has been shown that the more distressing 
symptoms of the artificial menopause are for 
the most part excited by disabling and dis- 
couraging postoperative complications, which 
were formerly of common occurrence after 
hysterectomy. 

The traditional ablation symptoms relate 
to those physical changes which in the popular 
mind are supposed to take place after removal 
of the ovaries. Chief among these are an 
abnormal accumulation of fat, inevitable 
sexual insensibility, and a general acquisition 
of masculine characteristics, such as roughen- 
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ing and deepening of the voice, coarsening of 
the features and growth of facial hair. These 
need only to be mentioned as an unfounded 
belief deeply ingrained in the lay mind, hav- 
ing its origin doubtless in a vague analogy to 
the changes produced by castration of un- 
matured animals. 

The term “modern ablation symptoms’’ re- 
lates to the comparatively mild vasomotor 
disturbances that ensue after the extirpation 
of the uterus and adnexa by improved sur- 
gical technique. 

In our use of the term ablation symptoms, 
we shall refer for the most part to hot flushes, 
for they alone are sufficiently distinctive for 
accurate statistical observation. There are, 
to be sure, certain other posthysterectomy 
manifestations, sometimes observed inde- 
pendent of, but usually associated with flushes, 
the most important of which are sensations 
of alternate heat and cold, palpitation, feelings 
of anxiety, dizziness, and sleeplessness. They 
are, however, extremely inconstant. They 
are common enough among women without 
pelvic lesions and are not infrequently seen 
after any surgical operation not involving the 
genital organs. Therefore, they can hardly 
be regarded as unequivocal ablation symp- 
toms, in the same sense as hot flushes, the 
appearance of which is entirely and specifi- 
cally characteristic. 

Regarding the etiology of ablation symptoms it 
must be admitted that our knowledge is little more 
than theoretical. Walthard has interestingly ascrib- 
ed them to a psychoneurosis, resulting from over- 
valuation of minor discomforts. Such a state of 
mind he describes as a pathological mental habit. 
The condition is greatly exaggerated if there be an 
associated psychic distress as from self-depreciation 
on account of the loss of reproductive organs, or 
from marital difficulties caused by the patient’s 
pelvic condition. Walthard shows how psychic 
pain may set up subcortical reflexes in various organs 
of the body; for example, in the muscular and 
digestive systems. By analogy he argues that such 
reflexes may set up functional disturbances in the 
glands of internal secretion with consequent changes 
like those of ablation symptoms. Cannon’s work 
on the effect of the emotions on the secretions of the 
adrenal gland and sympathetic systems is a striking 
substantiation of this theory. Walthard describes 
as ‘‘ psychosecretory”’ such effects of the mind on the 
glands of internal secretion. 


Although we cannot wholly accept Walt- 
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hard’s theory that ablation symptoms are 
psychoneurotic in origin, nevertheless, we 
can scarcely deny that his ideas offer a partial 
solution of the problem. On the basis of 
this theory, it is easier to explain the fact that 
as a rule ablation symptoms are greatly in- 
tensified by discouraging postoperative com- 
plications or by mental distress, such as that 
over the loss of organs, and that such symp- 
toms may often be made to disappear at once, 
on relieving the patient of her physical or 
mental disability. 

Walthard’s theory, however, cannot be 
accepted in toto for unequivocal ablation 
symptoms are often observed in patients, 
whose physical ills have otherwise been com- 
pletely relieved by the operation and to whom 
the removal of the genital organs is a matter 
of great mental satisfaction. 


Schickele has attempted to explain ablation symp- 
toms on the ground that the elimination of the ova- 
rian secretion, which is vasodepressor in its action, 
allows a gradual and prolonged rise in the blood ten- 
sion and that vasomotor symptoms result from this 
increase of pressure. He also showed that the blood 
tension may be reduced by the administration of 
ovarian extract. It was found, however, that abla- 
tion symptoms and rise in blood pressure do not 
always run parallel, that is to say, each may occur 
independently of the other. Schickele explains this 
irregularity on the basis of individual differences 
in patients, especially with reference to the excita- 
bility of the sympathetic nervous system. He makes 
no attempt to explain the fact that ablation symp- 
toms usually come on very soon after the operation, 
while the rise in blood pressure does not appear 
before several weeks. 

Schickele encounters another difficulty in his 
observation that ‘‘ when one or both ovaries are left 
in loco after hysterectomy, the vasomotor symptom- 
complex happens just as often as when the ovaries 
have been extirpated.”” These symptoms, he says, 
are extraordinarily similar to, if not exactly like, 
ablation changes. He names them “retention 
symptoms” and ascribes them to products of ova- 
rian secretion which, not having a uterine outlet, 
collect in the body and cause the characteristic 
disturbances. 


Schickele’s theory, though suggestive, is 
nevertheless unsatisfactory for it is difficult 
not to believe after comparing cases exhibit- 
ing ablation and retention symptoms, that 
the symptom-complex in both cases is not 
only similar but identical and originates from 
the same cause. If this be true, how then can 
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we reconcile the fact that the same complex 
may be produced either by removal or reten- 
tion of one and the same organ. 

In order to arrive at an answer to this 
question it must be borne in mind that the 
ovary is an integral part of two physiological 
systems, namely, the secretory and reproduc- 
tive, between which it occupies, so to speak, 
the position of a connecting link. On the one 
hand, the ovary is a member of the correlated 
chain of glands of internal secretion, the integ- 
rity of each one of which is necessary for the 
proper physiological balance of the whole 
group. During the period of development 
before puberty, the interrelation between the 
ovary and the other glands is of great impor- 
tance; during maturity up to the time of the 
menopause the ovary plays a subordinate but 
by no means an insignificant réle. On the 
other hand, in the reproductive system, the 
ovary is the predominant factor, but it is not 
an independent factor, for its proper function 
depends on its physiological association with 
the uterus and endometrium. Disturbances 
in either the secretory or reproductive system 
create reactive changes in the other. Famil- 
iar examples are the menstrual abnormalities 
attendant upon diseases of the pituitary, 
thyroid, and adrenal glands, while the reverse 
action is seen in the anatomical changes 
of the same glands during pregnancy and their 
various constitutional manifestations often 
seen with dysmenorrhoea, myopathies, and 
other pelvic diseases. 

Inasmuch as the normal function of the 
ovary is dependent on its physiological con- 
nection with the uterus, a disturbance or 
severance of this connection supposedly pro- 
duces an ovarian dysfunction, which, in turn, 
is likely to upset the balance of the other duct- 
less glands, thus creating in them a corres- 
ponding dysfunction. Hence the evidences 
of hypersecretion of the thyroid and adrenals, 
for example, in certain cases of dysmenorrhcea. 
Thus, too, a disturbance of the ovarian func- 
tion from removal of the ovaries from the 
body with or without the uterus, or from re- 
tention of the ovaries in the body without 
their uterine complement, is likely to be com- 
municated to the other secretory glands with 
corresponding dysfunctional symptoms. In 
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this way, then, both ablation and retention 
symptoms, as well as those similar changes 
that appear in the course of various pelvic dis- 
eases, are ascribed to reactive influences in 
glands other than the ovaries. Therefore, 
the terms ablation and retention symptoms are 
inadequate and misleading. One would more 
correctly refer to the general complex as dys- 
functional symptoms and to specific cases as 
dysfunctional ablation or dysfunctional re- 
tention symptoms.! 

The vasomotor nature of the symptom- 
complex is due to the fact that the secretory 
reaction is exerted chiefly on the sympathetic 
nervous system. The irregularity of the ap- 
pearance of the symptoms is explained by 
individual variation in the power of adapta- 
tion to changes in the secretory system. 
Inasmuch as the ultimate effect is on the 
sympathetic nerves, it is to be expected that 
in patients with a nervous predisposition, or 
when postoperative complications, or men- 
tal distress increase the nervous irritability, 
the dysfunctional symptoms would be exag- 
gerated and prolonged. Such we have seen 
to be the case. 

That the majority of patients suffer com- 
paratively slight inconvenience from the re- 
moval of the ovaries, and many of them none 
at all, is evidence of the subordinate part 
played by the ovary during maturity in the 
group of ductless glands. 

The foregoing theory of the origin of abla- 
tion symptoms explains the apparently anom- 
alous cases in which the symptom-complex is 
made completely to disappear by the removal 
of the ovaries. In such cases there exists a 
disharmony in the utero-ovarian function 
which causes reactive disturbances in the 
internal secretory apparatus. Extirpation of 
the uterus and ovaries removes the source 
of irritation and the glandular system re- 
sumes its normal balance. The following 
case illustrates this point extremely well: 

A young woman of 23, single, consulted me for 
continuous and troublesome hot flushes, which 


were especially severe and associated with other 
nervous and vague discomforts at periods averag- 


1The term “dysfunction” is employed throughout this article with- 
out implying any change in the chemical nature of the secretion; simi- 
larly the word “changed” secretion refers to a disturbed or abnormal 
effect, irrespective of the cause of its production. 
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ing about five or six weeks. She had never men- 
struated. Examination showed a complete absence 
of the vagina. No internal genital organs could be 
felt in the pelvis per rectum. The patient was told 
that she probably had some ovarian tissue which by 
being unable to functionate properly was causing 
the trouble. An exploratory laparotomy was ad- 
vised. 

On opening the abdomen two entirely normal 
ovaries were discovered, each one at about the level 
of the lower pole of the corresponding kidney. In 
one ovary was a well-formed corpus luteum. Con- 
nected with each ovary was a tube and rudimentary 
strand of solid uterine tissue, forming a complete 
uterus didelphys with entire absence of the vagina. 
The ovaries and rudimentary uterus were removed. 
The operation was followed by an almost complete 
disappearance of hot flushes and with consequent 
improvement in general health and nerve control. 


In this case the disharmony consisted in the 
association of a rudimentary uterus with 
fully developed ovaries so that normal func- 
tion was impossible. The result was typical 
dysfunctional symptoms of the same nature 
and origin as those seen from ovarian retention 
after hysterectomy. 

The following case also illustrates the res- 
toration of normal secretory function by 
hysterectomy and removal of the ovaries: 

A. T., age 45; two children; one miscarriage with 
twins. Seen January 16, 1915. Chief complaint: 
severe menorrhagia, insomnia, hot flushes, general 
nervousness. Examination: uterus in position, 
normal contour, slightly larger than normal. Oper- 
ation January 109, 1915: supravaginal hysterectomy 
with the removal of ovaries. Pathological exam- 
ination of uterus and ovaries entire ly negative. 
Hot flushes disappeared immediately after operation 
and did not recur. Completely regained nervous 
control. 


In this case the dysfunctional secretory 
activity was evidently the result of a dishar- 
mony of function between ovary and uterus 
as shown by severe menorrhagia without 
anatomical lesion. The patient was cured by 
removal of both uterus and ovaries. 

The theory that ablation symptoms are 
due to dysfunctional activity in the internal 
secretory apparatus has some support from 
experimental evidence though it has as yet 
not been indisputably proved. Cristofolletti 
and Adler produced by subcutaneous injec- 
tions of small doses of adrenalin, symptoms 
similar to those of the menopause, i.e., rise 
in blood tension, irregular pulse, blushing of 
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the skin, headaches and feelings of anxiety. 
Adler found a greater reaction to adrenalin 
in individuals from whom the ovaries had 
been taken. Results of this kind are sugges- 
tive but by no means conclusive, for none of 
the symptoms produced can be said to be 
specifically of the menopause type. 

To the gynecologist, the practical point 
in the study of ablation symptoms is the 
question of the removal or retention of ova- 
rian tissue in the course of hysterectomy opera- 
tions. Theoretically we have attempted to 
show that the symptom-complex results from 
a breaking of the harmony of the utero- 
ovarian function. Upon this theory it is rea- 
sonable to expect that if the uterus be extir- 
pated, dysfunctional symptoms would ensue 
whether the ovaries be removed or not. 
Let us now see whether or not this conclusion 
is borne out by clinical evidence. 


II. POSTOPERATIVE RESULTS FOLLOWING HYs- 
TERECTOMY WITH ONE OR BOTH OVARIES 
LEFT IN SITU 

It is of course obvious that the leaving of 
ovaries in the pelvis after hysterectomy is 
feasible only in a limited number of cases. 

It is, for example, out of the question after 

operations for malignancy or extensive tuber- 

culosis of the pelvic organs. In cases of a 

pelvic inflammatory disease which is sufficient- 

ly destructive to require hysterectomy the 
ovaries should not be allowed to remain, 
even if there be considerable normal ovarian 
tissue, for in these cases the surface epithelium 
has invariably been damaged to such an 
extent by adhesions that the organ is sure to 
become adherent again. An isolated ovary 
buried in adhesions is extremely liable to 
form retention cysts which may cause so 
much trouble to the patient as to require re- 
moval later. The operation of digging out an 

adherent cystic ovary from the depths of a 

pelvis in which hysterectomy has been done 

is a difficult and serious one. The following 
case illustrates the inadvisability of ovarian 
retention in cases of hysterectomy for pelvic 
inflammation: 

N. D., age 24. Case of chronic pelvic inflamma- 
tion. Had had a previous conservative operation. 

Operation: supravaginal hysterectomy — removal 
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of left adnexa. Right ovary left in situ. Patient 
returned one year later with small postoperative 
hernia, painful cystic tumor in pelvis, and suffering 
from severe hot flushes. Operation: cyst of ovary 
densely adherent in pelvis, removed with much dif- 
ficulty on account of bleeding. Hernia repaired. 
Good recovery. Great improvment in hot flushes 
following operation. 


Leaving in one or both ovaries is anatom- 
ically feasible in certain cases of small or 
moderate-sized myomata, or in the myopa- 
thies without apparent lesion or in procidentia 
cases in which the method of removing the 
uterine body is adopted. Even under these 
favorable conditions it is probable that the 
surface of the ovary usually becomes adher- 
ent. The germinal epithelium is a very deli- 
cate structure and readily desquamates under 
comparatively slight inflammatory or circu- 
latory influences. It is for this reason that 
the ovary has such a marked disposition to ad- 
herence to neighboring organs. 

I have frequently had occasion to remove 
ovaries that had been retained at a previous 
hysterectomy operation and in every instance 
the ovaries have been found densely adherent, 
degenerated, and cystic. 

In addition to the tendency which the re- 
tained ovary has to form adhesions and cysts 
it also possesses the power of developing 
tumors which may be of a malignant nature. 
Experimental evidence demonstrates that if 
the ovary be left im situ with due care to pre- 
serve its blood supply it may continue to ovu- 
late for a considerable period. In the course 
of time the functional activities cease. It 
must, however, not be inferred that the re- 
tained atrophied ovary loses its power of 
abnormal cell proliferation any more than 
does the atrophied ovary of the menopause. 
The following case illustrates the malignant 
fate of a retained ovary nine years after a 
hysterectomy for fibroids: 

R. S., age 47. Had had operation nine years be- 
fore. Removal of uterus for fibroid, both ovaries 
being left in situ. Examination showed large ad- 
herent tumor in pelvis. Operation, October 3, 1916: 
removal of large papillary cyst of right ovary very 
adherent to the intestines. Intestinal wall injured 
and repaired. Left ovary, adherent, small and 
shrivelled, removed with atrophied tube. Patho- 
logical examination: malignant papillary cystade- 
noma of right ovary. Left ovary atrophied, but 
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germinal epithelium very prominent and active. dip- 
ping down into stroma and showing a papillary 
inclination. Evidently early stage of cystadenoma. 
Patient made good recovery from ether, but a few 
weeks after discharge showed irregular masses in 
pelvis, probably recurrence of malignant disease. 


I am indebted for the following case to 
Dr. Hugh Williams, who consulted me during 
its progress: 

M. B., age 25; 2 children, 2 miscarriages. Last 
pregnancy four years previous. Chief complaint: 
menorrhagia and metrorrhagia, for which curetting 
two years before had given only temporary relief. 
Operation August 30, 1910. Vaginal hysterectomy. 
Both ovaries and tubes left in situ. Pathological 
report: sclerotic uterus with atrophied mucosa. 
Normal convalescence. Following operation severe 
menopause symptoms. Every twenty-eight days 
distressing molimina of menstruation with severe 
pelvic pain, headache and nausea. At these periods 
psychoneuroses appeared which gradually grew 
worse until they appeared in the form of insane 
outbursts each month. Retained ovaries painful 
and tender. 

January 8, 1913, abdominal operation. Removal 
of both tubes, ovaries, and appendix. Pathological 
report: ovaries cystic, fibrous, corpora hemorrhagica. 
Normal convalescence. 

Later history. Patient recovered immediately 
and completely from menopause and psychoneurotic 
symptoms. Is now perfectly well. 


In this case the retained ovaries not only 
underwent anatomical changes that caused 
pain and tenderness, but they also produced 
dysfunctional vasomotor and psychoneurotic 
symptoms of the most pronounced hysteric 
type. They were made completely to disap- 
pear by removal of the ovaries. 

From the above cases it is sufficiently evi- 
dent that an ovary retained in situ is by no 
means a harmless organ, and that its retention 
may subject the patient to later trouble of a 
serious kind. 

So far we have considered the retained 
ovary in relation to its anatomical possibili- 
ties. We will now regard it from a physiolog- 
ical viewpoint. 

It is an extremely widespread belief among 
surgeons that the retention of ovaries in situ, 
after removal of the uterus, eliminates par- 
tially or completely the so-called ablation 
symptoms. At a meeting of the American 
Gynecological Society in 1910 at which the 
subject was fully discussed, there was but one 
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dissenting voice to the recommendation by 
the readers of papers for conservation of 
ovaries after hysterectomy. Definite statis- 
tics on the comparative merits of conservation 
and ablation with special reference to symp- 
toms of the surgical menopause are some- 
what meager; nevertheless, what testimony 
we have in the literature is very significant. 
Schickele finds ‘‘ that when one or both ovaries 
are retained, the vasomotor symptom-com- 
plex happens just as often as when the ovaries 
have been extirpated.” 

Walthard in a comparison of his own cases 
finds an improvement of only 2 per cent in 
retention over ablation. 

Walthard again in a later article sums up 
the statistics collected by Sarwey, of Tuebin- 
gen; Cemach, of Munich; and Senn, of Berne; 
and finds that ‘in those patients whose 
uteri and ovaries have been removed, only 
in from 1 to 2 per cent of all cases do the 
above-mentioned symptoms appear more 
commonly than in those whose ovaries have 
been left behind.” 

Konstantinidis, in 134 cases of hysterec- 
tomy with retention of one or both ovaries, 
found that one-half suffered from vasomotor, 
one-third from trophic and one-seventh from 
psychic disturbances. 

My own figures are given in the table below 
in which a small number of retention cases 
is compared with a much larger number of 
total ablation cases with special reference 
to hot flushes. In this series the retention 
cases actually suffer by comparison as far 
as severity is concerned though the incidence 
of symptoms is almost identical in the two 
series. 

Walthard and Schickele both find that the 
symptoms appear in approximately 80 per 
cent of all hysterectomy cases, whether 
ovaries are retained or not. It will be seen 
that my results correspond closely to their 
figures. 

In contrast to these figures are those of 
Dickinson, who in a series of 163 cases in 
which ovaries had been retained, reports that 
“80 per cent were free from the disturbances 
of the surgical menopause.” ‘These figures 
are not only far ahead of any others that have 
been published but they are even better than 
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those of the natural menopause, in which it 
is generally accepted, that about one-half 
of all women experience vasomotor changes. 

Notwithstanding the findings of Dickinson, 
my experience impels me to the conclusion 
that the retention of ovaries after hysterec- 
tomy insures only a slight improvement in 
the menopause symptoms over ablation, and 
that this slight advantage, even if it exists 
at all, does not compensate for the dangers of 
adhesions with cyst formation, malignant 
degeneration, and physiological disturbances 
which the conservation of the ovaries entails. 


III. TRANSPLANTATION AFTER HYSTERECTOMY 


On account of the prevailing superstition 
regarding the dire effects of removing ovaries, 
it is not infrequently necessary for the mental 
comfort of the patient to leave behind 
ovarian tissue even though the patient be 
warned that the retained ovary may cause 
later trouble. In order to meet this contin- 
gency and at the same time to avoid the dan- 
gers of leaving ovaries in situ, the expedient was 
adopted of transplanting a section of healthy 
ovary. In the first cases the transplanta- 
tions were made within the leaves of the broad 
ligament in the paracervical cellular tissue. 
This maneuver soon proved unsatisfactory, 
for in 3 cases the transplanted tissue became 
cystic and painful. In one of these, menstrual 
molimina appeared with profuse nosebleed, 
which the physician who reported the case to 
me, regarded as vicarious menstruation. 
None of the cases were operated on for re- 
moval of the transplanted ovary, although in 
one instance the operation was advised. In 
the light of these results, the transplantations 
were then made in the abdominal rectus 
muscle, from which location the ovary might 
easily be extracted in the event of troublesome 
complications. In order to determine the 
possible influence of transplanted ovarian 
tissue on the menopause symptoms after ex- 
tirpation of the uterus, letters were written 
to each patient containing questions as to 
improvement in health from the operation, 
presence or absence of hot flushes following 
the operation, whether they were few or many, 
diminution of sexual sensibility, and any 
special increase of general nervousness. The 
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results of this inquiry are partly recorded in 
the table below in which it will be seen that 
the showing is actually not so good as in the 
cases where total ablation was performed. 
Making allowances for the discrepancy in 
the number of cases observed and for varia- 
tions in patients’ answers to questions, the 
conclusion is inevitable that when the uterus 
has been extirpated transplanted ovarian 
tissue probably has no marked influence one 
way or the other on the surgical menopause 
symptoms. This conclusion has been 
reached by Tuffier. 

Chalfant has recorded 17 cases of transplan- 
tation after hysterectomy, the percentages of 
symptoms in which are appended in the table 
below. His results in this respect are striking- 
ly similar to mine, except that he finds an 
improvement over his 40 total ablation cases. 

Our experience with transplantation lends 
still further support to the theory that the 
so-called ablation symptoms are due to a 
breaking of the utero-ovarian harmony, and 
that if the uterus is removed the retention of 
ovarian tissue either 7m situ or by transplan- 
tation is of little physiological value. 

It must, however, be borne in mind that 
if the uterus is not removed the utero-ovarian 
harmony may be retained for a time at least 
by transplanted ovarian tissue, so that men- 
struation may continue and ablation symp- 
toms be prevented. This has been proved a 
a number of times, but it is difficult to imagine 
under just what circumstances it would be 
advisable to leave the uterus by itself in the 
pelvis and transplant the ovaries to some dis- 
tant part. Our experience has led us very 
definitely to the conclusion that when both 
ovaries must be removed, the uterus also 
should be extirpated, for an isolated uterus 
almost invariably causes trouble and frequent- 
ly requires removal. Implantation of the 
ovaries does not in any way obviate this 
difficulty, even though it may preserve men- 
struation for the limited period during which 
the ovarian graft retains its function of ovula- 
tion. The following illustrates this 
point: 


also 


case 


A. G., age 30. First seen June 15, 1914. Ap- 
pendectomy nine years before. Six months before 
had had ‘ovaries removed,” details of operation 
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not known. Subsequent developments showed 
that tubes and ovaries had been removed and ova- 
rian tissue transplanted in abdominal fat on each side 
of median wound. Menstruation had come on three 
weeks after operation and had appeared regularly 
slice. 

Chief complaint: continual pelvic pain. Lump in 
abdomen. Examination: small uterus attached to 
abdominal wall: adherent tender mass in left pelvis; 
movable tender tumor in abdominal wall to left of 
scar. 

Operation June 17, 1914: hysterectomy. Lysis 
of omental and intestinal adhesions in right pelvis. 
Removal of cystic ovarian tissue from fat on left 
left of abdominal scar. 

July 27, 1914. Readmitted to hospital. Tumor 
had appeared in abdominal wall on right of incision 
one week after leaving hospital. Operation: re- 
moval of cystic ovarian tissue from fat on right of 
median scar. 

December 9, 1915. Readmitted to hospital. 
Tender tumor of abdominal wall on left of incision, 
where it had appeared six months before. Operation: 
removal of cystic ovarian tissue in fat on left of scar. 

In this case ovarian tissue seemed to be 
scattered through the abdominal fat and was 
indistinguishable until it had become cystic. 

It has been found possible to restore the 
utero-ovarian harmony, by _heteroplastic 
transplantation in castrated women in whom 
the uterus has been left behind, so that men- 
struation is resumed and ablation symptoms 
made to disappear. Operations of this 
kind are not universally successful, as hetero- 
plastic grafts do not always take on account 
of the physiological antagonism of blood and 
tissue that exists between different individuals. 

As has been said above, castration without 
extirpation of the uterus is an ill-advised 
operation, and besides other discomforts is 
apt to be followed by historic menopause 
symptoms of the severest type. One not 
infrequently encounters patients who have 
received surgical treatment of this kind and 
for a certain number of such cases hetero- 
transplantation undoubtedly has a field of 
usefulness. 

Notwithstanding the negative conclusions 
at which we have arrived as to the physio- 
logical value of retained ovarian tissue after 
removal of the uterus, it is nevertheless 
necessary at times from sentimental reasons 
to conserve the ovary. In such a case is it 
better to leave one or both ovaries in situ or to 
transplant? Animal experimentation has 
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shown that an ovary retained in place with 
careful consideration as to its blood supply 
retains its anatomical functions much longer 
than does one that has been grafted (Kawa- 
soye). So far as the secretory influence on 
the general organism is concerned, the statis- 
tics presented in this paper seem to show an 
apparent advantage in favor of the ovary 
retained im situ. It is, however, the custom 
of the writer, when conservation is impera- 
tive to forego this somewhat doubtful ad- 
vantage and instead to graft a section of the 
ovary in the abdominal wall where its removal 
if necessary will be a simple procedure and 
not a serious major operation. It is done with 
the full conviction that the only possible 
benefit it can have is to relieve the mental 
distress of a patient whose mind cannot be 
disimbued of an ill-founded superstition. 


IV. STATISTICS 

The appended table is the result of an in- 
vestigation to determine the incidence and 
gravity of ablation symptoms. As stated 
above, hot flushes were taken as the standard, 
for they are far more constant than other 
vasomotor symptoms, and are nearly always 
present if other symptoms occur. The num- 
ber of cases of retained ovaries is too small for 
complete comparison. As there were only 
10 personal cases to record, 16 of other opera- 
tors were taken from the hospital records 
in order to make the list more valuable. 
Notwithstanding the small number of cases 
the percentage results tally so closely with 
those of Walthard and Schickele that they are 
at least significant. 

In studying the cases of total ablation a 
number of observations were made which are 
of special interest. 

Hot flushes were reported by many pa- 
tients who had passed the natural menopause 
at the time of the operation. This fact is 
evidence that the ovary retains its influence 
as asecretory organ long after ovulation ceases. 
It is also confirmatory of the theory now gen- 
erally accepted, that there exists in the struc- 
ture of the ovary outside of the corpus luteum, 
an important source of its internal secretion. 

There is a considerable difference of opin- 
ion as to the influence of age on the severity 
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of artificial menopause symptoms. Polak, 
Dickinson, Chipman and others assert that 
the younger the patient is the more severe 
the symptoms. Walthard on the other hand 
finds that the age makes no difference. In 
our series, the severest symptoms appeared 
most commonly in women approaching or pass- 
ing through the natural menopause, that is 
to say between the ages of 40 and 50. This 
we have ascribed to the greater instability 
of the nervous system at the critical period 
of life. 

In a comparison between the symptoms of 
the surgical and the natural menopause we 
find that the disturbances of the natural meno- 
pause are far more complex than in the former, 
ranging as they do from mild vasomotor 
changes to serious psychoneuroses. There 
is also a less definite time limit to their dura- 
tion. The surgical menopause symptoms 
on the other hand, have a greater incidence 
(i.e., 80 per cent instead of 50 per cent). 
Their average duration is three to four months. 
In general patients suffer less from the arti- 
ficial than from the natural menopause. 


TABLE OF STATISTICS 


Operation Per Cent 
Total ablation (233 ae 
Ly ara a ee ee eer 
Few hot flushes. . Babee RoR asi Ween in SS OBrien vba gcc SA 
Many hot flushes. . 4 odigveGecnit aaa ateAans Tae 
Total incidence of hot flushes. acon na Shu Tah aise wields 
One or both ovaries left in situ (26 cases) 
Pi IN oooh sors. c ok a aR be es ae whew aria, OO 
POOR BONG. 6 one ica sa idis edroaued-dorvearee anieecawa ates, 
Many hot flushes... . Tee ee eee | 
Total incidence of hot flushes..................-. 81 
Transplantation (53 cases) 
Ce ee eee: 
Few hot flushes. ites snatans ceuSlendysncreycicnsnaogeihdhg.ainoe io ae 
Many hot flushes... . pikmin anna erntéva avers date ae 
Total incidence of hot flushes. go 
Chalfant transplantation (17 cases) 
TN nig se iviawian Seca eatawadaensee ME 
DO Eo Soar icecieseinkow te aewrn's BO 
Many hot flushes. . bias Sauveeank clears. Mae 
Total incidence of hot flushes 88 


Walthard. Incidence of menopause symptoms 2 per 
cent less in cases of retained ovaries. 

Schickele. Incidence of menopause symptoms the same 
in cases of retention and ablation. 

Cemach, Sarwey, Senn. Incidence of menopause symp- 
toms, 1 or 2 per cent less in cases of retained ovaries. 

Konstantinidis. 134 cases, one or both ovaries retained. 
Vasomotor symptoms, 50 per cent; trophic disturbances, 
333% per cent; psychic disturbances, 12 per cent. 
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Dickinson. Incidence of surgical menopause symptoms 
in 163 cases—one or both ovaries retained— 20 per cent. 

Tuffier. Incidence of menopause symptoms after trans- 
plantation, 50 per cent. 

Natural menopause. Incidence of symptoms, 50 per 
cent (Schickele). 


V. CONCLUSIONS 

1. Specific surgical menopause symptoms 
consist chiefly of vasomotor disturbances in 
the form of hot flushes. 

2. Theoretically, vasomotor changes of 
the artificial menopause are due to a break in 
the utero-ovarian functional harmony, by 
which the physiological balance of the glands 
of internal secretion is upset with conse- 
quent dysfunctional activity. 

3. After extirpation of the uterus, vaso- 
motor disturbances ensue with approxi- 
mately equal frequency, whether the ovaries 
be retained in situ, totally ablated, or trans- 
planted. 

4. Retention of ovarian tissue after hys- 
terectomy is of little or no physiological value 
and may be productive of serious harm to the 
patient. 

I am indebted to Miss H. J. Ewin, superin- 
tendent of the Free Hospital for Women, for 
sending letters of inquiry to patients and 
tabulating the answers from which the per- 
sonal statistics contained in this paper were 
compiled. 


BIBLIOGRAPHY 


Apter. Zur Physiologie und Pathologie der Ovarial- 
function. Arch. f. Gynaek., xcv. 

CHALFANT. Subcutaneous transplantation of ovarian 
tissue, etc. Surg., Gynec. & Obst., 1915, xxi, 570. 

CurpMAN. Conservation of ovaries. Am. J.Obst., N. Y., 
1g10, Aug. 


323 


Cramer. Tranxplantation der Ovarien. 
Wchnschr., 1910, No. 6, 294. 

Dickinson. Behavior of ovary after removal of the uterus. 
Am. J. Obst., N. Y., rg10, Aug., 299. 

Dickinson. Surg. Gynec. & Obst., 1912, xiv, 134. 

ENGEL. Kann die Ovarialtransplantation als erfolgereiche 
Behandlung der Ausfallserscheinungen — kastrierter 
Frauen angesehen werden? Berl. klin. Wchnschr., 1912, 
No. 21, 985. 

FRANCKE. Ovariumimplantation. Monatschr. f. Geburtsh. 
u. Gynaek., xxxi, 615. 

HARTMANN. Sur les greffes ovariennes. 
No. 91, p. 933- 

Hicucut. Ueber Transplantation der Ovarien. 
Gynaek., xci, 214. 

KAWASOYE (Formosa). Kann ein transplantiertes Ova- 
riums sichebensogut entwickelnwie ein in loco gebliebenes. 
Ztschr. f. Geburtsh. u. Gynaek, Ixxi, p. 325. 

KonsTANTINIDIS. Ueber die Ausfallserscheinungen bei 
Hysterektomie mit Zuruecklassung eines oder beider 
Ovarien. Inaugural Dissertation, Jena, 1909. 

LiproraA. Les greffes d’ovarire. Riforma med., 
Nos. 14 and 15. 

LussjANSKy. Zur Transplantation der Ovarien in die 
Gebaermutter. Universitaetsnachrichten, No. 6. 

MartTIN. Ovarian transplantation in lower animals and 
women. Am. J. Obst., N. Y., 1912. 

Martin. Full abstract of Martin’s 
Operative Gynecology. 

Mauctrarre. Sur les greffes ovariennes. 
tg1t, No. 91, p. 933. 

MclIrroy. Physiological influence of ovarian secretion. 
J. Obst. & Gynec., Brit. Emp., 1912. 

Potak. The end-results when hysterectomy has been 
done and an ovary left. Am. J. Obst., N. Y., 1910, Aug. 

Routrer. Sur les greffes ovariennes. Presse méd., 
1910, No. gf, p. 933. 

ScHEURER. La greffe ovarienne. Gynécologie, Par., 1910, 
No. 3, 201. 

SCHICKELE. Die sogenannten Ausfallserscheinungen. 
Monatschr. f. Geburtsh. u. Gynaek., 1912, 

SENN. Die Leistungsfaehigkeit der abdominalen Total- 
extirpation bei Myoma Uteri. Berne: 1908. 


Deutsche med: 


Presse méd., 


Arch. f. 


IQIt, 


work. Crossen’s 


Presse méd., 


TuFrFieR. Greffes ovariennes. Presse méd., 1912, p. 888, 
IQI0. 
TurFieR. J. Am. M. Ass., 1913. 


TuFFIER. Surg., Gynec. & Obst., 1915, xxi, 278. 

WattHARD. Ueber die sogenannten psycho-neurotischen 
Ausfallserscheinungen. Zentralbl. f. Gynaek., 1908. 

WALTHARD. Ueber die Bedeutung psychoneurotischer 
Symptome fuer die Gynaekologie. Zentralbl. f. Gynaek. 
1912. 








SURGERY, GYNECOLOGY AND OBSTETRICS 


THE PREPARATION AND STANDARDIZATION OF OVARIAN AND 
PLACENTAL EXTRACTS 


By W. H. MORLEY, M.D., Detroit, MIcHIGAN 


NYONE who has read the various 
articles and monographs that have 
appeared in the literature in the last 
few years on the internal secretion 

of the ovary or placenta has no doubt been 
impressed by the great disparity of results 
obtained with extracts of these organs. This 
also obtains for the other glands that possess 
an internal secretion with exception of the 
adrenals. One investigator will arrive at 
seemingly beautiful results with an extract 
of a certain endocrine gland, while another 
will obtain a result exactly opposite with an 
extract of the same gland. One investigator 
may isolate from the same gland two products, 
whose action is antagonistic. Another re- 
search worker will try to confirm the work of 
these others and obtain negative results, if 
indeed he does not get results different from 
those he is attempting to duplicate. The 
reason for this difference is that each one has 
made an extract by a different method and in 
a different way. 

The need, therefore, for more uniform 
methods in the preparation of ovarian and 
placental extracts, at once becomes apparent, 
for in no other way can the results of the dif- 
ferent research workers and clinicians be 
compared. The tangible data, both in the 
laboratory and in the clinic, are at best, small. 
At present results obtained from extracts 
of the entire ovary or from the yellow body 
alone, without note of whether aqueous, alco- 
holic, or ethereal extraction is employed, are 
reported. The results will of course vary 
and are not comparable. All these differences 
and annoyances will disappear as soon as the 
active principle of the ovary and placenta is 
isolated. But until then it would be much 
better if some uniform method for the prepa- 
ration and the standardization of ovarian 
and placental extracts was formulated. 

Perhaps a short review of some of the more 
important articles on the preparation of 
ovarian and placental extracts and a descrip- 


tion of the attempts made to isolate their 
active principle, may be of aid in showing the 
absolute necessity of a more uniform method 
of preparation. It is only within the last 
ten years that an attempt has been made to 
isolate the active principle of the ovary and 
placenta, especially the former. Before that 
and even up to the present time, the desic- 
cated product of the ovary or corpus luteum 
has been given to allay symptoms referable 
to some disturbance of the internal secretory 
mechanism of the ovary. Among the first 
to attempt to make an extract that would con- 
tain the active principle of the ovary was 
Iscovesco. He investigated, as early as 
1908, the action of the so-called ‘‘lipoids” 
obtained from the red blood corpuscles, the 
hypophysis, the kidney, the suprarenal cap- 
sules, the ovaries, the testicles, and the cor- 
pora lutea. He found that the “‘lipoids”’ 
obtained from these sources exerted a cer- 
tain action on the female genitalia and discov- 
ered at the same time that there were two 
classes of these lipoids, classified according 
to their action. One, which he called ‘‘ homo- 
stimulating,’ had an action on the same 
organ from which it was derived and the other 
called ‘‘ hetero-stimulating,” had an action on 
different organs. This division was purely ar- 
bitrary, as he discovered later. 


Of special importance are the two “lipoids” 
which he characterizes as “II F. b.” and “V. D.c.,” 
both being obtained from the ovary. The latter he 
was able to isolate from the corpora lutea. His 
technique in preparation as given in his paper,!' is 
briefly, as follows: The fresh organ is finely pulped 
and the pulp thrown into three times its volume of 
95 per cent alcohol, in which it is allowed to remain 
two hours. This is then filtered, set aside to ex- 
tract the lipoids and is designated as Fraction I. 
The residual pulp is desiccated at 40 degrees, pul- 
verized, and treated with different solvents. First, 
it is extracted with sulphuric ether and this is called 
Fraction IL of the “‘lipoids.”’ The residue there- 
from is dried, powdered and treated with acetone 
in the same manner, which gives Fraction III. 


1Comp. rend. de Soc. biol., 1912, Ixxii, 858. 
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Further extraction with the resulting residue gives 
Fraction IV, and, lastly, with alcohol, Fraction V 
is obtained. All these fractions being prepared, their 
subdivision and purification follows. For example, 
with Fraction II the ether extract is dissolved in 
petroleum ether, giving an insoluble portion A, 
which is small in amount, and a soluble portion B, 
which constitutes the major part. This latter is 
desiccated and redissolved in ether. There remains 
then an insoluble part, which is removed by the 
centrifuge. The clear supernatant solution is then 
thrown into about ten times its volume of acetone, 
pure and free from any acid, and allowed to stand 
in the refrigerator 24 hours. At the end of this time 
an abundant precipitation will be found in the bot- 
tom of the receptacle, which when filtered, consti- 
tutes portion C. The acetone solution is concen- 
trated and put into the refrigerator, giving, after 
cooling, a yellowish white mass, which is portion D. 
The remainder of the acetone solution, which has 
passed through the filter, is then completely dried 
and the precipitate is dissolved in boiling alcohol. 
All should dissolve, after which it is cooled for 24 
hours, giving portion E, and a dissolved portion F. 
Each of these fractions (A, B, C, D, E, and F), 
thus isolated, is far from being considered as chem- 
ically pure and each must be dissolved in petroleum 
ether, ordinary ether, cold alcohol, and finally in 
warm alcohol. There is obtained by this means the 
series a, b, c, d, of the corresponding substances. 
The same procedure is gone through with Fractions 
III, IV and V. Each fraction was tested upon 
animals, and only those which produced a rapid 
growth of the uterus were considered “active.” 
Thus it will be seen from the careful and 
painstaking work of Iscovesco that when an 
extract of the ovary, corpus luteum, or of 
the placenta is used in laboratory experi- 
ments or in the clinic, care must be exercised 
in obtaining the active fraction of the extract 
or the vital part of the organ may be left be- 
hind on the filter paper and thrown away. 
Concerning the physiological action of these 
fractional extracts of Iscovesco and the 
results obtained by him in the laboratory and 
in the clinic, no mention will be made. Those 
interested in this part of his work, may 
consult his recent articles in literature. 
According to his technique, outlined above, the 
“active substance,” which he describes as “II F. 
b.,” might briefly be considered as an ether extract 
of the desiccated organ (ovary), soluble in acetone 
(at ordinary temperature), having further been 
purified by boiling alcohol, concentration and ex- 
traction with petroleum ether. The other substance 
\V. D. c., appears to have been obtained from the 
residue remaining after treating first with alcohol, 
then with ether, then with acetone, followed by 
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chloroform, and finally with alcohol again. This 
alcohol soluble substance is then presumably puri- 
fied by solution in petroleum ether, resolution in 
ether and precipitation by acetone and in turn 
further purified by solution in petroleum ether, or- 
dinary ether and cold alcohol. The substance then 
is acetone insoluble, whereas his previous substance 
II F. b. is soluble in acetone. 


Herrmann followed the plan of Iscovesco in 
the preparation of ovarian and placental ex- 
tracts and published his article early in rors. 
Herrmann believes that he has succeeded in 
separating the ‘“‘active substance” of the 
corpus luteum and of the placenta as a specific 
chemical substance. He attempted to prove 
this clinically and on animals. Many colored 
figures are appended to his article and his 
results, if true, show wonderful changes from 
only a few doses of his co-called “active 
principle.” 


His method of extraction, while not identical 
with that of Iscovesco, given above, will not be 
described in toto at this time. He was able to ob- 
tain three fractions by his method and these were 
further purified by distillation and tested. It was 
found that the so-called middle run produced a thick- 
ly viscous body, which represents, as he believes, 
the real active principle of the ovary. This active 
substance, as further described by Herrmann, is a 
yellowish glistening oil, which is solidified by cooling, 
but otherwise remains thickly viscous. It gives a 
very decided cholesterin reaction. It becomes brown 
when exposed to the air, apparently by taking up 
oxygen, and is composed of three elements, carbon, 
hydrogen, and oxygen. The body is a cholesterin 
derivative. It is soluble in alcohol, ether, petroleum 
ether, acetone and benzol, but is insoluble in water. 


Herrmann found the same active substance 
with identical physiological properties, in the 
placenta, as well as in the corpus luteum. 
However, one placenta, contains more of the 
active substance than one corpus luteum. 
The method of preparation is the same in both 
cases. 


Seitz, Wintz, and Fingerhut found that the corpus 
luteum contained two “bodies.” One, which they 
designated as “‘luteo lipoid,” has an innibitory action 
on the blood and, injected subcutaneously, before 
and during the menses, lessens the flow and shortens 
it. The other body they call “lipamin,”’ soluble in 
water, a luteo lipoid or lecithin-albumin, which 
causes, when injected into animals, an increased 
growth of the genitalia. Subcutaneously injected 
in women, it causes the appearance of the menses 
in cases of amenorrhcea. “Luteo lipoid,”’ and 
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“lipamin”’ are antagonistic bodies and regulate 
the course of the menses. Their method of extrac- 
_tion is given in an indefinite sort of way. They 
obtain the various lipoid fractions by extraction 
with alcohol, chloroform, ether and acetone. By 
later evaporation, redissolving and extraction they 
obtained the two antagonistic bodies mentioned 
above. 


A hasty review of the methods of these 
research workers (Iscovesco, Herrmann, 
Seitz, et al.) shows that they all used practical- 
ly the same method of extraction and, as far 
as can be gleaned from their clinical and exper- 
imental reports, they arrived at about the 
same results. However, the difference may 
be due to the fact that Herrmann obtained 
his so-called active substance in a purer state. 
These investigators at least used a certain 
definite method of extraction and_ their 
resulting products could be tested experiment- 
ally and clinically with a view of producing 
certain definite physiological and anatomical 
results. 

Other workers, who have reported results 
obtained with ovarian or placental extracts, 
have been too prone to give the clinical re- 
sults secured with, what they loosely call, an 
“extract.” This may be an aqueous, alco- 
holic, or ethereal extract or, as often happens, 
it is not an extract at all but simply the dried 
gland in the form of a desiccated powder. 
It should be clearly borne in mind that the 
kind of extract must be mentioned if the work 
is to prove of any value to others. A qualify- 
ing adjective such as ‘‘ethereal,’’ “‘aqueous,”’ 
if properly employed may sufficiently desig- 
nate the method of preparation. Not only is 
uniformity of preparation desirable, but some 
form of standardization of the resulting prod- 
ucts is necessary to obtain extracts of the 
same strength and action. Many of the 
failures to produce the desired effect are due 
to a lack of proper standardization of an 
otherwise perfect product. 

In order to perfect a proper preparation 
and later a suitable method of standardiza- 
tion, some research work was undertaken by 
the writer during the last two years. Up to 
the present time, it can definitely be stated 
that no ideal method of preparation has been 
formulated and, until that is accomplished, 
the standardization of the product will not 
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be attempted. Various forms of extracts of 
ovary, of corpus luteum, of the ovary minus 
the corpus luteum (ovarian residue) have 
been made by exact chemical methods and 
the resulting extract tried on animals. The 
results have all been negative. One extract, 
a powder soluble in water, has been obtained 
and clinically it has seemed to be active in 
some conditions, i.e., disturbances of the 
artificial or the physiological menopause. 
But, in this connection, the results are too 
vague, ephemeral, and transitory; hence con- 
clusions drawn therefrom, do not have much 
value. 

For example, a few ampules of the soluble extracts 
are given or sent to Doctor A. with the request that 
he try its action upon the disturbances of the meno- 
pause when a suitable case presents itself. Later 
Doctor A. has a patient who ‘‘says”’ that she is 
suffering from “flushes of heat,” ‘“‘insomnia,”’ etc. 
Doctor A. makes an examination and finds no pelvic 
pathology. But upon the statement of the patient 
he injects an ampule of the soluble corpus luteum. 
In a day or two he repeats the injection. After a 
few injections Doctor A. ‘‘asks” the patient if she 
is feeling better, and the patient, not wishing to 
offend Doctor A., or thinking that she does feel 
better, answers in the affirmative. Doctor A. con- 
tinues the treatment and later reports this case as 
one cured. 


Results, based upon the statement of the 
patient, must be considered with extreme care. 
Yet that, practically, today is all the data 
upon which judgment can be passed as to 
whether a preparation or extract of the ovary 
has any therapeutic action. There are many 
factors in the preparation of an extract which 
may have an important bearing upon its 
therapeutic activity, such as the freshness 
of the material, the purity of the chemicals, 
proper temperature, avoidance of very high 
or very low degrees of heat or cold. Varia- 
tions in all or any of these may tend to render 
the resulting extract inert of cause it to pro- 
duce results that are due to faulty prepara- 
tion. 

In this connection mention will be made of 
Rosenheim, who reported his work on the 
pressor principles of placental extracts. 
Rosenheim was attempting to confirm the 
work of Dixon and Taylor, who claimed that 
alcoholic extracts of human placenta contained 
substances which, on intravenous injection, 
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produced a rise of the blood pressure and 


a contraction of the pregnant uterus. 


Dixon and Taylor’s method of preparing these 
extracts consisted in mincing fresh human placenta, 
covering it with absolute alcohol and filtering after 
some time. The filtrate was evaported and again 
taken up with absolute alcohol. The residue of the 
last extract, dissolved in saline solution, was in- 
jected intravenously. Rosenheim thought that the 
effect of the injections seemed to suggest the pres- 
ence of adrenalin or a similar substance. Trying to 
prove this, he found that the active principle was not 
identical with adenalin. Rosenheim made alcohol- 
ic extracts in several ways, and found that the nor- 
mal human placenta did not contain any pressor 
principle. Next he made three different extracts, 
as follows: In the first the fresh minced placenta 
was barely covered with alcohol to allow putrefac- 
tion to take place; in the second the fresh minced 
placenta was shaken up with one liter of saline solu- 
tion saturated with chloroform and kept for four 
days at room temperature; and in the third, the 
fresh minced placenta was mixed with absolute alco- 
hol (1000 cubic centimeters of minced material to 
one liter of absolute alcohol). Rosenheim found 
that the first extract (above) contained a strong 
pressor principle, while the second and third did 
not, or, to quote his table: 














Conditions of Experiment Result 
A. (No.1 above) Extract after free Strong pressor 
putreiaction. ellect. 


B. (No. 2 above) Extract after autolysis | Total absence of 


_ alone. ‘ pressor effect. 
C. (No. 3 above) Extract of fresh | Total absence of 
organ. | pressor effect. 





Rosenheim was later able to identify this 
pressor principle of Dixon and Taylor as 
belonging to the amines and it probably is 
derived from the amino acids (leucine and 
tyrosine), the cleavage products of proteins. 

Barger and Walpole came to practically 
the same conclusions in their work upon pu- 
trid meat, i.e., that it contains a pressor prin- 
ciple. 

Five extracts of the placenta were prepared 
by the writer and their action tested on the 
blood pressure and upon the isolated uterus, 
as well as by injection into animals (rabbits). 
These extracts were prepared as follows: 

Number one was an aqueous extract obtained by 
exposing the minced placenta to distilled water, 
slightly acidulated. The resulting fluid was boiled 
with acetic acid to precipitate the coagulated pro- 
teins, filtered, evaporated, and distilled water add- 
ed to bring it up to its original volume. This solu- 
tion was passed through a Berkfeldt filter and filled 
into 1 cubic centimeter sterile ampules. 


AND PLACENTAL EXTRACTS 


327 


Number two was obtained by placing in a wide- 
mouthed bottle 725 grams of minced placenta pulp. 
This mixture was allowed to stand at room tempera- 
ture for four days, loosely corked. Then 725 cubic 
centimeters sterile distilled water added, mixed 
and filtered and the filtrate boiled with acetic acid. 
This was filtered while hot, and the filtrate cooled 
and evaporated to more than one-half its volume. 
Sterile distilled water was added to bring the amount 
up to 725 cubic centimeters, the original volume. 
This latter was next passed through a Berkfeldt 
filter and filled into 1 cubic centimeter sterile am- 
pules. 

Number three was prepared by taking 400 grams 
of minced placental pulp and adding to it 400 cubic 
centimeters of normal salt solution, saturated with 
chloroform. This was losely corked and allowed to 
stand at room temperature for four days. It was 
then filtered and the filtrate boiled with acetic acid to 
precipitate the coagulated proteins. This was again 
filtered while hot, cooled and evaporated to less 
than one-half its volume. Sterile distilled water was 
added to bring the amount up to 4oo cubic centi- 
meters, the original volume. It was then passed 
through a Berkfeldt filter and filled into 1 cubic 
centimeter sterile ampules. 

Number four was prepared by adding 400 cubic 
centimeters of absolute alcohol to 400 grams of 
minced placental pulp. This was allowed to stand 
for some time at room temperature in a bottle 
loosely corked. Then the whole was filtered, the 
filtrate boiled with acetic acid, filtered through 
paper and evaporated to less than half of its volume. 
Sterile distilled water was added to make 400 cubic 
centimeters, the original amount. This was passed 
through a Berkfeldt filter and filled under sterile 
conditions into 1 cubic centimeter sterile ampules. 

Extract number five was made by taking about 
500 grams of minced placental pulp, which was plac- 
ed in a large mouthed bottle. This was allowed to 
stand in the incubator, loosely corked, for several 
days. The mixture was shaken every two or three 
days. Thenit was filtered and treated as the others 
(Nos. 1 to 4) and filled into sterile 1 cubic centi- 
meter ampules. 

These five extracts were submitted to Mr. 
L. W. Rowe to be tested on the isolated uterus 
of the guinea pig and upon the blood pressure 
of a chloretonized dog. Mr. Rowe reported 
as follows: all five extracts contracted the 
isolated uterus of the virgin guinea pig, when 
administered in sufficient quantity. About 
0.25 cubic centimeters of the undiluted 
sample was necessary in each case to produce 
an appreciable contraction. The action of 
No. 5 and No. 2 seemed a little stronger than 
that of the others, and this was due to the 
fact that these extracts were partly decom- 
posed. All meat extracts will contract the 
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isolated uterus if they are sufficiently concen- 
trated and this action is more marked if de- 
composition or partial decomposition has 
taken place. 

The effect of these extracts upon the blood 
pressure was not very marked nor characteris- 
tic. In most instances the blood pressure 
fell slightly, but this was more marked with 
No. 5, which action was no doubt due to the 
very evident decomposition of this sample. 
The results of these tests indicate that placen- 
tal extracts do not contain a pressor or marked 
oxytocic principle. 

The action of these extracts (Nos. 1 to 5) 
upon animals, when injected intraperitoneal- 
ly, was negative. A large number of injec- 
tions produced no macroscopic effect upon 
the internal or external genitalia of the ani- 
mals injected. There was no anatomical 
difference between them and the control ani- 
mals. 

From a review of the more recent literature, 
from the animal experiments thus far under- 
taken with extracts of the corpus luteum, 
ovary and placenta, and from the different 
methods employed in making these extracts, 
the following conclusions seem justifiable: 

t. A more uniform method of preparing 
extracts must be instituted. 

2. Some method for the standardization 
of these extracts must be discovered, in order 
to facilitate the comparison of the results of 
the different laboratory workers and cli- 
nicians. 

3. Many results obtained in the laboratory 
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or in the clinic are due to the faulty prepara- 
tion of extracts. 

4. The isolation of the active principle of 
the ovary and the placenta wil! clear up many, 
if not all, of these mooted points. 
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THE PLACENTA REGARDED AS 
By ROBERT 1 


ROM the days of antiquity it has 

been known that the placenta acts 

as intermediary between the mater- 

nal organism and the foetus. Only 
in recent years, however, has another func- 
tion been ascribed to this organ; namely, that 
of a gland of internal secretion. The first 
comprehensive expression of this view was 
published in 1905 by Halban. 


1. Halban’s theory. Joseph Halban (1) 


published an elaborate paper entitled ‘* Die 
innere Sekretion von Ovarium und Placenta 
und thre Bedeutung fuer die Funktion der 


Milchdruese.”’ The author based most of 
his deductions upon the interpretation of 
clinical facts, some of them from his own ex- 
perience, others gathered from various sources, 
though not a few of the gaps in his evidence 
were bridged by facts obtained from animal 
experimentation. The work of many investi- 
gators, performed during the last decade, has 
confirmed and elaborated many of the deduc- 
tions made by Halban, and has placed the 
major part of his hypothesis upon a firm 
basis of fact. The following is a brief résumé 
of Halban’s theory: 


Both the puberty impulse (growth) and the men- 
strual stimulus to the uterus and breasts (in the 
breast, monthly swelling, colostrum formation, 
vicarious menstruation noted in virgins) are derived 
from the ovaries. Though the initial pregnancy im- 
pulse is originated by the ovum,! breast hyper- 
trophy and later milk secretion is not interfered 
with by castration during pregnancy. On the other 
hand, both uterus and breasts continue their hyper- 
trophy after foetal death, or during the growth of a 
hydatid mole without foetus. Consequently, it 
must be the placenta (foetal trophoblast or chorion- 
epithelium) and not the foetus which elaborates 
the pregnancy growth substance. 

The foetus of both sexes becomes sensitive to the 
placental stimulus in the eighth and ninth months of 
intra-uterine life. This is shown by hyperplasia of 
uterus and breasts in females, and of prostate and 
breasts in males (Bayer, 3; Schlachta, 4). The geni- 

1 Tn the uterus this certainly does not hold good. The work of Leo 
Loeb (2) has shown that the chemical action of the corpus luteum plus 
the local uterine irritation exerted by any foreign body (or by injury to 
the uterine mucosa) can produce the uterine reaction. Various authors 


have also elicited massive breast hyperplasia by means of corpus luteum 
extracts alone. 
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tal hemorrhages noted in new-born female infants 
(occurring in 0.35 per cent), Schukowski (5) a 
few days postpartum are due to the sudden with- 
drawal of the placental stimulus, as is the puerperal 
involution of uterus and prostate, which reaches 
its completion about three weeks after birth. 

That the placental influence is a chemical stimulus 
acting by way of the blood stream and not a direct 
local stimulation is proved by the uterine reaction 
which occurs in ectopic pregnancy. 

From these observations Halban concludes that the 
chemical products of both the ovary and of the placenta 
produce hyperemia and uterine menstrual (or decidual) 
reaction and that both likewise exert an influence on 
the breasts. He further draws the deduction, un- 
warranted by his evidence, that liver changes in 
eclampsia, etc., are due to placental influences, and 
that the ovary during pregnancy loses its trophic 
protective power over the genitals, its function being 
vicariously assumed by the placenta. 

2. Influence of placental extracts on uterus 
and breasts. Before attempting an analysis 
of Halban’s theorems, it will be best to pre- 
sent what is known today of the action of 
the placenta per se, unclouded by any possible 
ovarian influence. Thus, most simply, can be 
demonstrated the evidence upon which the pla- 
centa can be called a gland of internal secre- 
tion. The earlier experimental work, as 
that of Claypon and Starling (6), Foa (7) 
and Basch (8) who used weak aqueous ex- 
tracts of homologous or heterologous pla- 
centa can be dismissed as inconclusive (9). 

Iscovesco (10),? Fellner (11), Aschner (12), 
Seitz, Wintz and Fingerhut (13), Herrmann 
(14), Frank and Rosenbloom (15), however, 
employed the concentrated fat soluble frac- 
tion of placental extracts which produces a 
strong and unmistakable reaction. 

Subcutaneous injections of either aqueous 
or saline emulsions of the lipoid, or solutions 
in oils or alcohol cause enormous and rapid 
hyperplasia of the uterus. Both mucosa and 
musculature participate in the increase. This 
effect is obtained within 6 to 8 days in cas- 
trated animals, where ovarian influence can 
be definitely excluded. Rabbits, guinea pigs, 

2 Although Iscovesco used only ovarian extracts, his work should 
be considered the basis of all the investigations that followed. 


The similarity of corpus luteum and placental lipoids will be emphasized 
in a succeeding paragraph. 
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and rats show the same reaction. Similar 
though less marked effects are produced 
through introduction of the extract by 
mouth.! 

A similar and equally rapid hyperplasia is 
exerted upon the breasts of rabbits. The 
nipples increase in size, the glandular tissue 
hypertrophies. If the stimulus is prolonged 
colostrum can be expressed. The breast of the 
rat and guinea pig is less susceptible. 

The uterus and breasts of these laboratory 
animals (rabbits are to be preferred because 
the breast reaction, which can be followed 
without at once sacrificing the animal, is 
most plainly evidenced in rabbits), furnish 
a reliable biological test for testing the po- 
tency of the extracts. 

3. Chemistry. Our knowledge of the chem- 
ical composition of placental extracts is in a 
state of chaos. Iscovesco (loc. cit.) working 
with ovarian extract devised a complicated 
method of purification based upon elective 
solubility in various fat solvents. Herrmann, 
using corpus luteum and placental material 
(loc. cit.) published a still more complicated 
method depending upon extraction in vacuo, 
elective solubility, and fractional distillation 
with superheated steam. Neither of these 
authors, judging by our experiences (vde 
infra) appear to have obtained a substance 
free from impurities. 

The writer successively in conjunction with 
three biological chemists (Dr. J. Rosenbloom, 
loc. cit., Mr. O. I. Lee, and now with Mr. 
P. M. Giesy) has for the last two and one- 
half years been engaged in attempting to iso- 
late the active principle. Our attempts have 
not been crowned with success. 

The knowledge obtained to date by our 
investigation may be summarized by stating 
that the potent crude extract which is ob- 
tained by continuous extraction with alcohol, 
is a dark, semi-liquid mixture which resists 
high degrees of heat (350° C.), strong acids 
or alkalies and saponification without loss 
of potency. It either oxydizes or polymerizes 
on standing, gradually losing its activity. 
It is fully soluble in 95 per cent alcohol, par- 
tially so in chloroform, ether, oils, and in 

1 The weight of the uterus compared with the weight of the uterus 


of a normal control animal of the same body weight may reach 5 to 
9 times that of the control. 
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benzine (the active fraction at times following 
the benzine insoluble portion). The activity 
persists after removal of cholesterin and indol, 
which may be regarded as contaminations. 
The active substance has not been sufficiently 
purified to permit of analysis. Our attempts 
to duplicate Herrmann’s work leads us to 
conclude that his final product was a mixture 
and not a single compound. 

4. Similarity of corpus luteum and placenta. 

In agreement with Herrmann (loc. cit.) we 
have found that the active principles obtained 
from the corpus luteum and from the placenta 
can be extracted by identical methods, chem- 
ically have identical properties and biological- 
ly produce identical results upon the uterus 
and breasts. Although the quantitative 
yield from corpus luteum is far richer than 
from the placenta, placental material (hu- 
man) is so much more readily obtained in 
large amounts, that we have mainly used the 
latter in our work. 

Whether the two are merely similar, or are 
identical cannot be decided until both are 
isolated as chemical entities, unless clear cut 
specific differences in physiological action 
can be shown. No such differences in action 
have as yet been discovered. 

5. New physiological facts. (a) Placental 
extract causes hyperplasia of transplanted 
portions of the uterus, as well as in the uterus 
left in situ. 

b. The action is not diminished by removal 
of the adrenals, pancreas, or thyroid, or com- 
bined removal of thyroid and adrenals. 

c. The ovaries are not stimulated by the 
extract. 

d. The atrophic uterus of castrated animals 
responds readily to the stimulus of the pla- 
cental extract, even after long periods of time 
have elapsed. (The longest period was 
16 months after castration.)? 

6. Source of the placental hormone. The 
main function of the placenta unquestion- 
ably pertains to the exchange of nutrient 
substances from the mother to the foetus, 
and to the elimination of waste products of 
the foetus in a reverse direction. The ful- 
filment of this function accounts sufficiently 


2 Details of the preceding experiments will be published in a sub- 
sequent article. 
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for the histological structure of the placenta, 
which is characterized by a labyrinth of 
sinuses lined by foetal cells. Therefore, it 
does not follow in this instance, because an 
intimate relationship between blood channels 
and cellular components exists, a distribu- 
tion usually characteristic of glands of inter- 
nal secretion, that the placenta must be a 
ductless gland. If, further, the apparent 
identity of composition and action of corpus 
luteum and placental secretion is considered, 
and the well-known abhorrence of the organ- 
ism to unnecessary duplication of function is 
kept in view, the question may logically be 
propounded whether the placenta does not 
act merely as a storage reservoir for the active 
principle elaborated by the corpus luteum 
during the earlier part of pregnancy. Dur- 
ing the latter half of gestation the yellow 
body histologically has the appearance of an 
involuting functionless gland. No proof in 
substantiation of this hypothesis can as yet 
be adduced. 


SUMMARY 

1. The experimental work of the last 
decade proves that Halban was correct in as- 
cribing to the placenta an action upon the 
uterus and breasts. 

2. Placental extracts (mainly the lipoid 
fraction) rapidly induce hyperplasia of the 
uterus and breast (gland tissue and nipples), 
in castrates or in non-castrated animals. 

3. The chemical substance which induces 
these changes is thermostabile, very resistant 


x 


to strong alkalies and acids, and completely 
soluble in 95 per cent alcohol. 

4. The substance appears identical in its 
physical, chemical and biological properties 
with a similar substance obtained from the 
corpus luteum. 

5. The substance can exert its influence 
in the absence of the thyroids, adrenals, 
pancreas, or in the absence of thyroid and 
adrenals combined. 

6. In view of the apparent identity of cor- 
pus luteum and placental substance the ques- 
tion arises whether the placenta acts merely 
as a storage reservoir for corpus luteum secre- 
tion during the latter half of pregnancy, or 
whether the placenta elaborates a hormone 


of its own. 
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RELATION OF THE SEX GLANDS TO METABOLISM 
By JOHN R. MURLIN, Pu.D., anD HAROLD BAILEY, M.D., New York 


N a certain proportion of women at the 
time of the natural or artificial meno- 
pause, there is a considerable gain in 
weight. In the lay mind, at least, this 

tendency to adiposity is as intimately asso- 
ciated with the other changes that make up 
the phenomena collectively known as the 
menopause, as the assumption of the grace- 
ful lines of the female figure is linked to the 
onset of puberty. Not only at the beginning 
‘and end of sexual life are there changes in the 
general metabolism indicating the action of a 
specific internal secretion from the ovary, but 
in pregnancy, especially in the first half, at a 
time when the muscular activities of the 
woman are not seriously interfered with, 
there is often a decided gain in weight with 
changes in the physical contour of the limbs 
due to the deposition of fat. This occurs 
at a time when the functional activity of the 
ovary is disturbed by the growth of the 
corpus luteum. Near the end of pregnancy 
on the other hand, when the functioning 
period of the corpus luteum is on the wane, 
there has been shown to be an increase in the 
metabolism not entirely accounted for either 
by the increased weight of the mother or the 
needs of the growing foetus. 

The increase in fat production following 
castration is commonly made use of by stock- 
breeders in preparing their product for the 
market. 

There is clinical evidence that the ovary 
exerts a control in the metabolism of phos- 
phorus and calcium. In osteomalacia there 
is diminution in the loss of these substances 
after removal of the ovaries and improvement 
seems to follow the operation. 

In an attempt to establish scientifically the 
treatment of osteomalacia by oophorectomy as 
originally suggested by Fehling, Curatulo and Tarulli 
calculated the respiratory metabolism before and 
after castration of one female dog and two mice. 
They used a small modification of theVoit apparatus. 
The dog showed a gain in weight after the operation 
of 17 per cent and a diminution of the carbon 


dioxide excreted of 34 per cent. Both the mice 
showed a gain in weight after castration and a 


marked diminution in the oxygen consumption. 
These observers also estimated the phosphorus 
excretion in the urine of two dogs and found a 
diminution in the phosphorus-loss after removal 
of the ovaries. 

In 1898 Loewy and Richter in an effort to deter- 
mine if the sex glands have a specific internal secre- 
tion affecting metabolism, examined by the Zuntz- 
Geppert principle the respiratory air of a male and 
female dog before and after castration. 

For a female dog weighing 15.8 kilograms, four 
hourly observations established the normal oxygen 
consumption at 6.1 cubic centimeters per kilo- 
gram-minute. Eighteen days after removal of the 
ovaries, observations were again made and the 
average of five periods during the course of 32 days 
showed an average weight of 15.5 kilograms, and 
the oxygen consumption of 5.8 cubic centimeters 
per kilogram-minute. The next series of observa- 
tions extended from ten weeks to 3!2 months. 
The weight was increased over 112 kilograms and 
the oxygen diminished over 15 per cent. 

In the last period, four to six months after the 
operation, there were three observations showing an 
average weight of the animal of 17.0 kilograms, an 
increase of 1.1 kilograms, and the oxygen diminished 
to 4.8 cubic centimeters a reduction of the oxygen 
consumed per kilogram-minute of 20.6 per cent. 

Between the second and last series of experiments, 
the dog was fed oophorin tablets, and after 96 tab- 
lets had been taken, there was a gain in the oxygen 
consumption of 37.6 per cent above the normal. If 
the gain is compared with the reduced consumption 
following the castration, it amounts to 67.7 per cent. 
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TABLES 
o2 as 
on At yee er 
| Weight Air | Consump- hs 
©" |Reduced tion kg. 
per min, | Per min. 
kg. ccm. ccm. ccm. 
Normal......... ssoee} £8.86 | 2082 97.9 6.163 
First period 
3 weeks 15.54 | 2283.2 90.5 5.832 
Second period 
10 to 14 weeks 17.53 | 2076.3 890.3 5.102 
Third period 
4 to 6 months 17.04 1793.6 83.6 4.807 
After 96 oophorin 
tablets 17.82 2806.5 150.90 8.473 








The male dog showed a lessening of the oxygen 
consumption after castration (from 7.0 cubic centi- 
meters to 6.0 cubic centimeters) but the animal lost 
2 kilograms in weight, offsetting this change. 
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The average reduction of the metabolism in the 
female dog for the first and second periods after the 
operation, that is from 3 weeks to 314 months, is 
about 12 per cent. 

In 1899 Hugo Luethje undertook the same line 
of investigation, using a Voit respiration apparatus 
with observation periods of 20 to 24 hours. He 
castrated one male and one female dog at puberty 
and held as controls animals of corresponding sex 
and born at the same birth. The male animals 
weighed the same and the carbon-dioxide excretion 
of one was 1.098 cubic centimeters and for the other 
1.059 cubic centimeters per kilogram-hour respec- 
tively. After the castration of one it was 0.845 cubic 
centimeter and for the control 0.832 cubic centi- 
meter. The female animals were numbered 2 and 
6, the former weighed 1 kilogram more than the 
latter. After the castration of animal No. 2, it 
gained slightly in weight but this was explained as 
not due to the deposit of fat but to the fact that it 
was the stronger and more robust animal. Five 
months after the operation No. 2 had a carbon 
dioxide excretion of 1.049 cubic centimeters and the 
control 1.056 cubic centimeters per kilogram-hour. 
The nitrogen and phosphorus excretion in the 
urine also showed but slight differences with the 
controls. 

Luethje came to the conclusion that the sex 
glands have no specific effect on the metabolism, 
and offered the suggestion that the gain in weight 
in women at the menopause might be due to the 
change in their life and habits. 


The results of these last named investiga- 
tors are diametrically opposed. Although 
their methods differed their experiments ap- 
pear to be properly carried out, and it was to 
be expected that their results would be sim- 
ilar. The field for investigation might be 
said to beagain open, forthe striking and posi- 
tive results obtained by Loewy and Richter 
in one animal can have no decisive bearing 
on such an important physiological problem. 
Zuntz suggested that the effects observed 
might be in the nature of an idiosyncrasy 
of that particular animal. As the animal 
was in his laboratory he fed it oophorin 
tablets a few years later and obtained but a 
4 per cent rise in its metabolism with old 
tablets and a 6 per cent rise with fresh tablets, 
as against the more than 50 per cent rise 
noted by Loewy and Richter. 

The question is not one of scientific interest 
only but it is also of great practical impor- 
tance. The retention of the ovary im situ or 
by transplantation in hysterectomy operations 
seems at present to be largely a matter of 
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sentiment on the part of the operator, for 
in no way is the artificial menopause more 
severe than the natural; as a matter of fact 
it is often less severe. The symptoms are 
advanced by a longer or shorter period and 
they are more apt to come to the attention 
of the surgeon, for the patient still remains 
under his control. However, if it should be 
proved that the removal of these organs 
deprives the body of an internal secretion 
having an effect on the general metabolism, 
then their retention will become a physiologi- 
cal requirement. 

Our work was done on two female dogs that 
were fed on a constant diet of meat, cracker 
meal, bone ash, and lard. The metabolism 
was estimated by the indirect method using 
Murlin’s constant temperature respiration 
incubator and weighing the oxygen entering 
and the carbon dioxide and water leaving the 
box. A sample of the residual air of the cage 
was also weighed at the end of each period. 
Especial care was given to the control of the 
movements of the animal. The urine was 
analyzed for nitrogen and the amount in- 
cluded in the figuring of the metabolism. 
The apparatus was controlled for leaks by 
alcohol check periods. 


The normal metabolism of Dog 58 was estab- 
lished by a total of nine hourly observation periods 
made from March 21 to 28, 1917. Each day’s 
observation was for 2 or 3 hourly periods. Be- 
tween these dates, the animal gained in weight 
0.3 kilogram on the standard diet. The average 
heat production of these nine hours was 17.35 
calories per hour or 2.12 calories per kilogram hour. 
On March 31, both the ovaries were removed and 
the laparotomy wound healed by first intention. 
The animal was able to eat a little at the evening 
meal on the day of operation and throughout the 
healing showed no ill effects. The observation pe- 
riods, one on the third and the other on the tenth 
day, had to be discarded or discontinued because of 
the movements of the dog licking her wound. 

From the fourteenth to the thirty-fifth day after 
castration, there were four observations with a 
total of nine hourly periods. The average total 
heat production per hour was 15.3 calories, a re- 
duction of 12 per cent and the heat production per 
kilogram-hour was 1.75 calories, a reduction of 
17.5 per cent. During this period the dog gained 
0.7 kilogram in weight. 

The second animal known as Dog 60 had had the 
thyroid removed the year before. She was in fine 
physical condition at the time of these experiments. 
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DOG NO. 58 
Resp. Exchange Heat Production 
| ] 
Exp. | Date Weight Time COz Oz R. Q. | Temp. 
No. | ——— oer Total Cal. per hour Cal. per kg. hour 
| 4 Liters Liters 
| Kg. per hr. per hr. “. 
— _— —— | -———_— — | —————_ — — —_ ———_— -_—-—-— ————. — ————E ——— ——_ $$ — 
7 3-21 7.95 2.645 3.560 0.75 27.3 16.23 2.04 
2.640 3.788 ©.70? 27.5 17.68 e228 
i— 7 = pune’ ——|— bs seen is 
8 | 3-23 8.00 2.982 3.833 °.78 28.4 18.13 2.20 
| 3.052 4.075 0.75 28.2 19.14 2.39 
9 3-27 8.25 2.872 3.425 0.84 28.7 16.43 1.07 
I1:30—I 2:30 2.047 3.662 0.81 28.7 17.43 2.11 
10 3-28 8.25 9:53—10:53 3.184 3.676 0.87 28.2 ny 77 2.15 
10:53-—11:53 2.983 3-564 0.84 27.6 17.08 2.07 
11:53—12:53 2.669 3.400 0.80 27.5 15.78 1.91 
Average 17.25 Average 2.12 
Op. 3-31 
13 4-13 8.40 10:18—11:18 2.738 3.133 0.87 28.8 15.14 1.80 
1r:18—12:18 3.178 3.704 0.84 28.90 18.04 2.14 
14 4-20 8.60 10:55—I1:55 2.566 2.841 0.90 re a 13.83 1.60 
TE:55—12:55 2.704 3.260 0.83 27.3 15.58 1.81 
15 4-27 8.95 10:02—II :02 2.561 3.084 °.82 27.0 14.70 1.64 
II :02—12:02 2.638 3.350 °.79 | 29.2 15.84 1.76 
12:02— 1:02 2.445 3-057 0.80 | 27.2 14.51 1.62 
16 5- 4 8.80 2:23 5:23 2.389 2.970 0.80 | 27 14.09 1.60 
3:23— 4:23 2.690 3.381 0.80 7.9 16.03 1.82 
| — — 
| Average 15.30 Average 1.75 


























The normal metabolism was established by four 
observations with a total of eleven hourly periods 
from March 26 to April 16,1917. The average total 
heat production was 22.91 calories or 2.1 calories 
per kilogram-hour. In examining the table closely, 
however, it would appear that the average of all the 
observation hours previous to the operation hardly 
represents the true normal or basal metabolism. 
The heat production on the day of the first observa- 
tion is so much higher than the others that the 
conclusion must be reached that it is due to the 
stimulus of the unusual surroundings that the an- 
imal found itself in. The first period on April 4, 
is high because of movements of the dog, and the 
middle period on April 5, is very high because of 
unexplained high residual readings for that hour. 
If these doubtful periods are dropped, the revised 
average heat production is 21.10 calories per hour 
or 1.93 calories per kilogram-hour. 

During these observations and preliminary to 
operation, the animal gained in weight a half 
kilogram. 

Double oophorectomy was done on April 7. 
On the third day the skin of the abdominal wall 
broke open along the suture line for a distance of 
5 centimeters. Two or three stitches of silk were 
inserted and the wound healed in the course of ten 
days. 

From the sixteenth to the thirty-second day after 
castration, there were three observations with a 
total of six hourly periods. From the time of the 
operation to the end of this period the dog gained 
0.6 kilogram. With the first hour not included in 
the calculations, because of movements of the dog, 


the average total heat production was 19.81 calories 
or 1.64 calories per kilogram-hour. 

Our work with these animals had to be discon- 
tinued at this point because of the response to the 
call of the Government by one of us (Murlin). 
The animals will be kept and we hope later to 
transplant an ovary in one and to feed the other 
various glandular extracts in an attempt to affect 
their metabolism by this means. 


SUMMARY OF THE ANIMAL EXPERIMENTS 


Regardless of the gain in weight, the 
metabolism of both our dogs was diminished 
following castration. Both animals did gain 
and the increase in actual amount was about 
the same in each, 600 grams. The diminution 
in the metabolism calculated on the basis of 
the calories per kilogram hour was more than 
14 per cent in either animal (17.5 per cent 
in dog 58; 14.2 per cent in dog 60). It is 
remarkable that these percentage figures 
should be so close together especially as the 
dogs differed in breed and one weighed 2.5 
kilograms less than the other. Loewy and 
Richter’s dog showed a reduction of 11.7 per 
cent in the oxygen consumption if the periods 
from 10 weeks to 6 months are analyzed. 
Curatulo and Tarulli’s dog had an almost 
immediate and very marked reduction in its 
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| Resp. Exchange Heat Production 
- | nee jacaihemanigence | 
—_ Cm. | © 
No. | Date | Weight Time 2 | 2 R.Q. | Temp. ‘is : ‘ 
| | ? oe 7 | | Total Cal. per hr. Cal. per kg. hr. 
| Kg. Liters | L. per hr. |e | 
| | 
| —_——— —___—— |—— - | —— _aene 
: 4 3-26 | 10.55 3:07 $107 4.109 5.227 ©.79 | 28.1 | 24.75 2.34 
| | | 4:07 5:07 3.7904 | 4.888 0.78 | 28.0 | 23.12 2.19 
| | 5:07 6:07 822 | 5.004 o.70 | 27.9 | 23.62 2.21 
2 | 4-4 Ir.00 | 9:53—10:53 4.216 5-457 0.77. | 28.3 25.78* 2.34 
| | 10: 11:53 3.780 4.720 0.80 28.1 22.45 2.04 
3 4-5 | II .00 10:04—I1:04 3.536 4.425 0.80 29.7 21.10 1.91 
} | I1:04—1 2:05 }.114 5.820 0.71 29.7 27.19** 2.47 
| | 12:05 1:0 3.616 4.992 °.73 29.4 23.31 2.11 
44 4- 6 II .00 25 3:33 3.522 | 4.582 0.77 20.5 21.67 07 
| 3:33—— 4533 3.198 4.227 °.76 29.5 | 19.03 1.81 
$ 5:33 3.016 4.108 0.73 290.3 19.28 1.75 
| saamueigie 
| 
| | | Average 22.91 Average 2.10 
Op. 4-7 | Revised average 21.10 Revised average 1.93 
6 4-23 IL.45 2:4 3:42 3.734 | 5-204 | 0.72 29.8 24.25* 2.11 
| 3:42 $:42 3.002 | 4.140 | 0.75 9.7 19.35 1.60 
7 | 4-25 | II .40 3:12 4:12 2.984 | 3.537 0.84 28.0 16.92 1.48 
| | 4:12 5:12 3.170 | 4.182 °.76 28.0 19.6 2.738 
—_——— s LASERs Mess a sneishenihban anes 
Ss | 5- 9 11.60 2:45 3:45 3.343 4.103 0.82 | 28.0 19.55 1.66 
| | 3:45 $5 3-421 | 4.360 °.79 | 28 20.61 1.77 
| | | . 
| | * | 
| | | } Average 20.05 Average 1.72 
| Revised average to &1 Revised average 1.61 
*Dog moved several times. **High residual throws doubt on accuracy of this period. 


respiratory metabolism and it gained in 
weight also. 

The argument might be used that, as the 
gain in weight is largely due to fat, the 
oxidation energy per cell unit is not greatly 
diminished, for the fat takes an inactive part 
in the metabolism. However, in our animals 
the reduction to the extent of 12 per cent 
in one and 6 per cent in the other remain to 
be considered. 

We noticed in our dogs that following the 
castration they became less active and some- 
what more apathetic. Also as time went 
on they became more accustomed to us and 
to their confinement in the box. These 
factors must be considered as having a ten- 
dency to lower the metabolism. The gain 
in weight might be accounted for as an or- 
dinary gain due to lessened muscular activity 
or as a progressive gain due to the continuance 
of a diet somewhat greater than their needs. 

As the thyroid raises the metabolism in 
castrated animals, our results with dog 60, 
which had no thyroid, acted as a control for 
dog 58. It was to be expected that the metab- 
olism in dog 60 would suffer a considerably 
greater reduction but this was not the fact; 
the reverse was true for the animal with the 


intact thyroid suffered a diminution in its 
total metabolism much greater than the other. 
The course of these animals would lead to the 
conclusion that the interactive processes that 
seem to exist between the thyroid and the 
ovary did not result after castration in an 
increase of the functional activity of the 
former, in this instance at least. 

Loewy and Richter mention the fact that 
in their dog the more marked changes occurred 
only after six to ten weeks and hint that the 
problem may be complicated, for this same 
period elapses before the uterus atrophies 
after a castration. 


METABOLISM IN WOMEN AFTER CASTRATION 

That the results in animals may be trans- 
ferred directly to the human subject and made 
the basis for therapeutic procedure is very 
doubtful. In 1904 Leo Zuntz, feeling that 
too much attention had been paid to the 
results in the one animal of Loewy and 
Richter, calculated the metabolism in four 
women who had to be castrated during the 
course of operative procedures necessary for 
their cure. All four of the women were men- 
struating before the operation so that it 
is probable that their ovaries were functionat- 
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TABLE FROM ZUNTZ’S WORK! 
Oxygen Consumption per Kilogram per Minute 
€ 
Before F Poche 7 Weeks After 
Op. Aiter | to 1% Yr. | Oophorin 
ccm, ccm. ccm. ccm, 
Frau S. ade) ak | ee 
Frauelein H. 4-4 4-5 ner rae 
Frau k. 4.4 oe a 1.6 1.6 
Frauelein E. 5.1 Aull 1.0 | 1.0 
ing, in part at least. One had a tubal 


pregnancy, one a tumor of the ovary and 
the remaining two had tubo-ovarian abscesses. 
Two of these women showed a reduced metab- 
olism seven weeks after the operation. He 
explains the lessening of the oxygen consump- 
tion in the case of Mrs. S. as being within 
the limits of error in the experimental 
technique. The 20 per cent reduction in the 
case of Miss E. he believes due to the fact 
that the normal as given is incorrect because 
when this figure was obtained the patient was 
suffering from pain and fever. 

After the administration of oophorin he 


1 Ztschr. f. Geburtsh. u. Gynaek., 1904, liii, 352. 
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was unable to obtain an increase in three of 
the cases that received the tablets. These 
women did not gain in weight. 


CONCLUSIONS 

Our results uphold the work of Loewy and 
Richter so far as the reduction in metabolism 
after castration is concerned. Removal of 
the ovaries of our dogs was followed by an 
increase in weight in both and a lowering of 
the metabolism in one of 12 to 17 per cent, 
and in the other of 6 to 14 per cent. 

We feel that indirect action has a bearing 
on this reduction and we do not believe that 
the indications point decisively to the loss of 
a specific stimulus from the ovary affecting 
the oxidative processes of the cells. 

To throw more light on this complex sub- 
ject, further experiments with animals are 
necessary. 


Curatuto, G. E., and Tarutu, L. Boll. d r. 
Accad. med. di Roma 22., 1895, 496. 
Loewy, A., and Ricuter, P. F. Arch. f. Anat. u. 


Physiol. Supl. 1899, 174. 
Zuntz, L. Ztschr. f. Geburtsh. u. 
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PROGRESS IN THE STUDY OF OVARIAN TRANSPLANTATION AND 
OVARIAN SECRETION 


By FRANKLIN H. MARTIN, M.D., F.A.C.S., Catcaco 


Y paper before this society two years 
ago comprised a report of my own 
work in ovarian transplantation 
and a review of the literature of the 

subject up to that time. My purpose in this 
paper is to bring the record down to the 
present time, noting what has been accom- 
plished during this period. The study of 
ovarian transplantation is so intimately re- 
lated to that of the internal secretion of the 
ovary that the material on the latter subject 
is also included in the present paper. 

Athias (2, 3, 4) experimented in the graft- 
ing of ovaries in castrated male guinea pigs. 
He found that hyperplasia and secretion of 
the mammary gland could be brought about 
in this way. He describes in detail several of 


his experiments: (1) Ovaries of a female adult 
were grafted under the skin of a young male 
and removed at the end of nine weeks, three 
days after the beginning of milk secretion. 
Both ovaries were intimately adherent to the 
surrounding tissues and no traces were left 
of the germinal epithelium. At the periphery 
was a layer of dense connective tissue to 
which striated muscle fibers were attached. 
There were numerous primary follicles, nor- 
mal in appearance. Below this layer there 
were numerous follicles in different stages of 
development, some normal, others under- 
going atresia. Many of the follicles were 
quite large, containing a large cavity filled 
with fluid which, in the atresic ovisacs, held 
degenerated follicular cells in suspension. 








MARTIN: OVARIAN 
The. normal ovisacs showed many cells in 
mitosis. The theca interna of the mature 
follicles, and especially of those undergoing 
degeneration, was markedly hypertrophied. 
In the interfollicular stroma, which was very 
vascular, there were false corpora lutea. In 
each ovary there was an old corpus luteum, 
but no recent one. (2) Ovaries of a female 
at the end of gestation were grafted on the 
preceding subject after having removed the 
first graft, and removed seven months after 
operation, the first day of a period of secre- 
tory activity of the mammary gland. The 
appearance of these ovaries was very like 
that of the preceding ones. Primordial fol- 
licles were few, but large ovisacs numerous; 
some of them normal, some atresic. In some 
the ovule was undergoing degeneration. The 
theca interna was hypertrophied, especially 
around the large atresic ovisacs. It was 
made up, as usual, of quite large cells, with 
siderophile cytoplasm. There were abun- 
dant false corpora lutea, but no true corpus 
luteum, old or recent. The stroma showed 
groups of normal interstitial cells and some 
degenerated cells, the cytoplasm of which 
was loaded with pigment. (3) Ovaries of a 
female 1.5 months old, grafted on a male 
whose mammary glands, already hyperplastic 
and having secreted after two previous ova- 
rian grafts, began to secrete again about seven 
weeks after operation; removed the second 
day of lacteal secretion. The appearance of 
these ovaries was similar to that of the pre- 
ceding ones. There were also some hamor- 
rhagic follicles containing necrosed epithelial 
cells and ovular residue. In one of the grafts 
there was a poorly defined mass of polyhedral 
cells, some degenerated, some quite well 
preserved. The cytoplasm of the latter 
showed siderophilia. These cells seemed to 
belong to a rudimentary lutein formation. 
False corpora lutea were abundant. (4) 
Ovaries of a virgin female, aged about two 
months, were grafted under the skin of a 
young male and removed at the end of 8.5 
months, the third day of a period of lactation. 
These ovaries, like the others, were intimately 
adherent to the surrounding tissues. The 
germinal epithelium was preserved over a 
considerable part of one of the grafts which 
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formed part of the wall of a cystic cavity; it 
had disappeared everywhere else. Primary 
and developing follicles were abundant in 
both ovaries; but the most noteworthy thing 
was some mature ovisacs of very large size 
with multistratified epithelium where there 
were almost no cells in chromatolysis and the 
ovules did not seem at all changed. There 
were also numerous follicles undergoing 
atresia; the epithelium was more or less 
destroyed. False corpora lutea abundant; 
no true corpora lutea. In short, the ovaries 
of young females, virgin or not, grafted on 
castrated male guinea pigs and examined 
shortly after the mammary gland began to 
secrete, were made up essentially of very 
abundant graafian follicles at all stages of 
development, some normal, others atresic 
with a very much hypertrophied theca in- 
terna, and of a tolerably well developed 
interstitial gland, lying in a connective-tissue 
stroma which was intimately adherent to the 
surrounding tissues. 

Athias concludes from these experiments 
that it is not the corpus luteum that causes 
the development of the mammary gland and 
the production of its secretory activity. In 
four cases of ovarian transplantation only 
one of the grafts had a rudimentary true 
corpus luteum, while the others had none at 
all. He thinks the development of the gland 
structure of the mammary gland is due either 
to the epithelium of the mature follicles or to 
the interstitial gland or to both combined. 
In females before puberty the interstitial cells 
are the only cells of the ovary which show 
signs of glandular activity and it must be 
they that preside over the development of 
the mammary gland and the whole genital 
tract. At puberty and during gestation the 
growth of the mammary gland and its secre- 
tory development during pregnancy can only 
be caused, if we exclude the corpus luteum, 
by the numerous follicles which then attain 
considerable size, and the most of which 
undergo retrogression, and the interstitial 
gland, which then increases considerably at 
the expense of the cells of the hypertrophied 
theca and the false corpora lutea originating 
in the atresic ovisacs. He thinks it is the 
cells which are undergoing transformation 








into interstitial cells proper, rather than the 
follicular cells, which cause the growth of the 
acini of the mammary gland. These cells 
show much more of a glandular character 
than those of the follicular epithelium, and 
have more intimate relations with the vessels. 
The development of an interstitial gland 
during pregnancy has been noted, even in 
animals that do not have an interstitial gland 
at other times. He thinks the factors pro- 
ducing the growth of the mammary gland in 
the male guinea pig are the same as those in 
the normal development of the female gland, 
though in the female secretion begins only 
during pregnancy. 

Benthin (6) concludes that in general the 
effects of ovarian transplantation are good, 
but that the experimental results have been 
more brilliant than the therapeutic ones. 
Transplantation of small bits of ovary, while 
it gives good results, does not guarantee their 
permanency. The indications for trans- 
plantation have not yet been determined 
definitely. Hemorrhage in older individuals 
is better controlled by the removal of the 
uterus or by X-ray treatment. The most 
recent studies of internal secretion in the 
ovary, he show that pathological 
processes in the genital tract are very often 
not dependent on the ovary alone. Many 
diseases are affected also by the internal 
secretions of other organs. The chief field 
for transplantation is and always will be the 
prevention and cure of the symptoms of the 
menopause. Homotransplantation should be 
undertaken only in very young individuals, 
and in homotransplantation it is very impor- 
tant that the organs should be transplanted 
immediately after removal from the body of 
the donor. He finds that organotherapy is 
giving progressively better results, so that the 
symptoms of the menopause may be very 
much decreased in this way without the 
intervention of surgery. 

Stocker (30) reports two cases in which he 
reimplanted part of an ovary. One patient 
was a woman of 28 and panhysterectomy was 
done for a gonorrhoeal condition with ex- 
tensive adhesions. One of the ovaries was 
cut out of the excised mass and sliced into 
disks only 2 or 3 mm. thick. An implanted 


Says, 
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disk of this kind grows into place very rapidly, 
as blood-vessels soon grow through it. The 
bed into which it is implanted must be rich in 
blood-vessels and must protect the graft 
from injury from without. Stocker im- 
planted the graft in a fold in the peritoneum 
and the wound healed by first intention. An 
epinephrin test was made on the fifth day and 
there was no specific response, as there is 
when the inhibiting influence of the ovaries 
is entirely withdrawn. The woman never 
had any symptoms of the artificial menopause 
and was restored to health after five years of 
semi-invalidism. Three years later an _in- 
testinal tumor necessitated a laparotomy. 
The disk of ovarian tissue was found to be 
about the same size as when implanted and 
was very vascular. Stocker did not remove 
a specimen for microscopic examination as he 
was afraid of impairing the vitality of the 
graft. His second case was even more suc- 
cessful. The ovary and tube had _ been 
removed on one side for ruptured tubal 
pregnancy and two years later on the other 
side for the same reason. At the second 
operation a disk of ovary was reimplanted in 
the same way and menstruation has con- 
tinued regularly ever since and the patient’s 
health is good. 

Experimental work was done at Veit’s 
clinic in Halle (32) with a view of determining 
the effect of transplantation on osteomalacia. 
The author’s name is not given. Ovaries 
were transplanted in 62 rabbits to determine 
whether osteomalacia could be produced by 
excessive ovarian functioning. In trans- 
planting ovaries from one animal to a sister 
animal it was found that there was a con- 
siderable decrease in the calcium content o/ 
the bones; in transplanting ovaries from one 
animal to its mother there was a moderate 
decrease, and in the transplantation of foetal 
ovaries to the mother there was no appreciable 
change after about three months. There was 
no marked change in the calcium content of 
the bones of the castrated animals. The con- 
clusion drawn from the experiments is that 
the hyperfunction of the ovary is the most 
important factor in osteomalacia. 

Phillips (25) reports 12 cases of ovarian 
transplantation. Immediately after remov- 
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ing the ovaries they were placed in normal 
saline solution at a temperature of 100° and 
the operation was completed. After closing 
the peritoneum sections were made from the 
most normal part of the ovary. The size of 
the grafts varied. In some cases a number 
of small pieces was used. The transplants 
were placed in the abdominal wall just to the 
side of the median incision in adipose tissue 
just beneath the rectus muscle. No sutures 
were used. This site was selected because it 
is easily accessible if the graft should have 
to be removed later and it allows of enlarge- 
ment and congestion of the ovary with the 
least inconvenience to the patient. The 
ovary did not degenerate and act as a foreign 
body in any case, though six were infectious 
cases and drains were used in four. In only 
one of the cases was the uterus removed, and 
there is no definite information as to the 
patient’s postoperative condition. Of the 
eleven other cases six are menstruating regu- 
larly every month without pain. Some of 
these cases had returned for a second opera- 
tion on account of pain before the ovarian 
transplantation. There is no definite in- 
formation as to the menstrual history of the 
other five. The immediate postoperative 
history did not differ from that of other 
laparotomy cases. In some cases there was 
swelling and tenderness of the grafts. In one 
case the graft was congested and caused con- 
siderable pain. The author believes that 
these patients were benefited by the ovarian 
transplantation and that its more general use 
would lessen the severity of the artificial 
menopause and would also lessen the number 
of second and third operations in gynecological 
There is practically no risk in the 
operation itself. The transplant performs 
its function of ovulation for a number of 
years. If it should atrophy and cease to 
function at the end of this time it has at 
least made the artificial menopause 
abrupt and enabled the patient to adjust her- 
self to the conditions. 

Norton (24) Tuffier’s work in 
ovarian grafting and says that he has under 
observation a number of cases of his own done 
within the past year. He has grafted ovaries 
that were almost entirely cystic, culling out 
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the medium-sized and large cysts and im- 
planting the residue. Some of these ovaries 
seemed hopelessly diseased and had _ been 
causing much pain over a long period of time. 

In these cases the patients have been freed 
from pain and menstruation § re-established 
by the implantation. He thinks the opera- 
tion one of the most satisfactory advances in 
modern surgery and recommends it in dis- 
eases of the ovary. It should always be done 
instead of double oophorectomy in idiots, 
defectives, and criminals. It may also be 
done in those cases in which it is desirable to 
sterilize on account of conditions which render 
childbearing impossible. Except for the fact 
that it does not allow pregnancy it fulfills all 
the requirements of an ideal operation. It 
can be easily and quickly done. The func- 
tions of the ovary, both as to internal secre- 
tion and menstruation, are maintained, and 
at the same time the ovary is placed in a 
clean, healthy bed completely protected from 
subsequent attacks of gonorrhoeal infection. 
With a new and diminished blood supply 
sclerosis and cystic degeneration are pre- 
vented or retarded. His work was solely 
with autotransplantation. 

Newton (23) thinks transplantation of the 
ovary should be practiced more frequently 
than it has been. A small portion of the 
ovary conserved within the abdomen seems 
to retain the power of the organ as a whole. 
Within a year he has had half a dozen cases 
wherein a portion of the ovary was implanted 
with good physiologic and psychologic effects. 
He believes the internal secretion of the ovary 
controls menstruation. He believes the 
presence of ovarian tissue in old, fleshy, 
diabetic women has a controlling effect on 
their diabetes. In the discussion of this 
paper Dr. Conklin said he had had good 
results in the immediate transplantation of 
small portions of ovarian tissue. He takes a 
small piece of normal, or apparently normal, 
ovarian tissue and places it in the pelvis, or 
even outside the peritoneal cavity in the 
abdominal wall. 

Nattrass (22) reports the case of a woman 
of 17 who came for confinement. She had 
suffered from hip and spinal disease for ten 
years. As she had a generally contracted 
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pelvis to such a degree that normal delivery 
was impossible, the child was delivered by 
cesarean section, and on account of the 
patient’s tubercular condition it was decided 
to sterilize her by transplantation of the 
ovaries. They were divided longitudinally 
and as much of the stroma cut away as pos- 
sible, as when the fibrous stroma is cut away 
the nutrient fluids permeate it more readily 
and more of the egg-bearing part may be 
saved. One of the ovaries was fastened into 
the border of the left rectus muscle and the 
other close under the skin on the right ex- 
ternal oblique. The patient nursed her baby 
for nearly five months and soon after nursing 
was stopped, menstruation appeared and has 
continued with reasonable regularity ever 
since. Sometimes there is a little pain in the 
transplanted ovaries preceding menstruation 
and the ovaries swell a little. Three and 
one-half years after operation the patient was 
examined. The subcutaneous graft could 
be felt quite easily and the patient felt a 
sickening sensation when it was palpated. 
The left ovary, more deeply placed, could not 
be definitely felt, but as pressure over a cer- 
tain spot, produced a sickening sensation, it 
was deemed an indication of the development 
of nerves in the graft. The case shows that 
in certain cases of double oophorectomy, 
transplantation of ovaries obviates the arti- 
ficial climacteric. 

Lydston (18) gives a summary of his previ- 
ous work in sex-gland implantation. He 
believes the sex-gland hormone is the most 
powerful cell stimulant, nutrient, and re- 
generator known to medical science and that 
sex-gland implantation preserves hormone 
production for a long time. He believes that 
certain physiologic and therapeutic advan- 
tages are permanent. In his cases the im- 
planted tissue has never disappeared in less 
than twelve to eighteen months. Implanta- 
tion may be repeated. He finds hetero- 
transplantation practicable and has _ trans- 
planted glands from the dead body, if taken 
at any time before decomposition sets in, as 
successfully as those from the living body. 
He thinks the development of senility can be 
retarded and longevity increased by the 
internal secretion from the implanted sex 
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glands. The climacteric may be postponed 
and its disagreeable features relieved. It 
is probable that the early stages of arterio- 
sclerosis may be benefited by sex-gland im- 
plantation and that early senile dementia may 
show good results. Abnormal sexual ten- 
dencies, either psychic or physical, are indica- 
tions for sex-gland implantation. Microscopic 
sections of the implanted glands apparently 
show regeneration of the circulation and of 
the interstitial connective tissue which prob- 
ably produces the so-called internal secretion. 

Guthrie and Lee (15) report experimental 
work done on dogs. Two sister puppies, 
three months old, were operated on, the 
ovaries of each being removed and trans- 
planted into the other. At this time the 
ovaries measured about 6 mm. in length. 
The animals were operated on simultaneously. 
The ovary was instantly transferred to the 
other 2nimal and fastened to the pedicle of 
the former ovary by means of a thread previ- 
ously inserted into its base. The animals 
made uneventful recoveries. One was lost, 
the other killed by accident eighteen months 
after operation. The right ovary appeared 
normal and much larger than at the time of 
transplantation. The left ovary was repre- 
sented by a cystlike mass the size of a navy 
bean, dark in color and soft to touch. When 
the capsule, which was markedly thickened, 
was opened, a small, gelatinous mass was 
found. Histologic examination of the right 
ovary showed abundant normal histologic 
elements including corpora lutea. The left 
ovary had undergone complete colloidal 
degeneration, at least so far as the reproduc- 
tive elements were concerned. As no attempt 
at mating the animal was made, the experi- 
ment is not conclusive as to the possibility of 
pregnancy. But from the result the authors 
believe that ovarian transplantation in dogs 
is not only feasible. but offers promising 
means of obtaining information as to optimum 
conditions for successful transplantation, and 
also information as to heredity. 

Graves (14) transplanted ovarian tissue in 
69 cases, in most of them for the purpose of 
preventing ablation symptoms. In 19 earlier 
cases the transplantation was made into the 
broad ligaments. In these the ablation 
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symptoms were found to be worse as regards 
severity than when the ovaries were entirely 
removed. Vicarious menstruation occurred 
in one, and cystic enlargement with tender- 
ness of the transplanted piece of ovary oc- 
curred in three. In the remaining cases the 
transplantation was made into the abdominal 
wall. In 23 cases, from which reliable data 
were received, the ablation symptoms were 
almost identical with those in completely 
castrated women. He has had better results 
in treating ablation symptoms with ovarian 
extract and his results were better with 
extract of the whole ovary than with that of 
the corpus luteum alone. He thinks there is 
certainly an ovarian secretion that is not 
produced in the corpus luteum, for profound 
effects are produced by removal of the ovaries 
before puberty when there are no corpora 
lutea. He does not know whether this early 
secretion originates in the follicles or the 
highly differentiated connective tissue of the 
ovarian stroma. Other conditions in which 
ovarian extract has been found of service are 
kraurosis and functional amenorrhoea in the 
young. The cause of the vasomotor dis- 
turbances following removal of the ovaries 
the author thinks may be due to the influence 
of some other organ of internal secretion, 
which has been rendered abnormally active 
by the loss of the balancing power exerted 
by the ovarian secretion. It is conceivable 
that the thyroid is made overactive by the 
removal of the ovaries and that ablation 
symptoms are manifestations of hyper- 
thyroidism. 

DeLee (11) describes two cases of auto- 
transplantation of the corpus luteum done 
with the hope of preserving pregnancy. Both 
were cases of pregnancy at about the eighth 
week complicated by ovarian cyst which 
necessitated operation. Both cases failed in 
this object, but they proved that it is a safe 
procedure surgically to embed corpus luteum 
in the broad ligament. When DeLee again 
performs the operation it is his intention to 
give extract of corpus luteum by mouth. 
In neither case was the implanted corpus 
luteum palpable in the broad ligament at the 
later operation (curettage necessitated by 
hemorrhage), but it is to be expected from 
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the constitution of the corpus luteum that it 
would be rapidly absorbed. 

Manley and Marine (20) performed 9 auto- 
transplantations of ovarian tissue into the 
subcutaneous tissue of the abdomen after 
removal of both ovaries. In all cases the 
stroma, interstitial cells, and graafian follicles 
showed survival and growth over periods 
varying from 34 to 219 days. Mature 
graafian follicles were recovered from two rab- 
bits associated with active hyperemia of the 
uterus and typical phenomena of rut. In 
some of the older transplants there were 
hemorrhagic cysts, due to the fact that the 
ripened follicles rupture into themselves in- 
stead of onto a free surface as normally, and 
these cysts finally produce pressure atrophy of 
the ovarian tissue. Apart from this complica- 
tion the work of these authors confirms that of 
many other investigators that autotransplants 
are permanent and show functional activity. 
They also made 26 homotransplantations of 
sexually mature ovarian tissue, all but one of 
which were completely absorbed except for 
the interstitial and luteal cells. This one 
instance was probably a failure of the host to 
react in the usual way to the graft. The 
fact that the lipoid cells of the ovary can 
survive upwards of 193 days, while the stroma 
and egg cells undergo absorption in a few 
weeks, shows that the lipoid-containing tissue 
exhibits a different order of cells, against 
which the host reacts very slowly if at all. 
Repeated homotransplantations into the same 
animal of these lipoid-containing cells of the 
ovary would probably determine whether or 
not the host eventually develops a resistance 
to this tissue also. Up to the present the 
authors have not made sufficient experiments 
to determine this point. The two important 
facts observed in the homotransplantation of 
ovaries are: (1) the host reacts in the usual 
way and the usual time to the egg and stroma 
cells and (2) the host reacts very feebly to the 
lipoid-containing cells. 

In their work in transplanting the thyroid 
they found that the rate of absorption could 
be modified by modifying the condition of 
the host and also by modifying the chemistry 
and physiologic activity of the thyroid used. 
They found that when iodized thyroid was 
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engrafted into iodized rabbits the rate of 
destruction was markedly decreased. As 
iodine is a physiologic constituent of thyroid, 
and as these experiments show that its previ- 
ous administration to both donor and host 
delays the rapidity of absorption of homo- 
grafts, it seems certain that it is possible to 
modify the usual reaction of the host by 
strictly physiologic means. While iodine 
favorably affects the thyroid there is no 
evidence that it has a similar action on other 
homografted tissues, but it suggests that it 
may be possible to modify the host’s reaction 
to other homografted tissues through one or 
more of their specific chemical constituents. 
The future of tissue transplantation as a 
therapeutic measure rests on a solution of the 
problem of the homograft. 

In the discussion of this paper Dr. Robt. T. 
Morris stated that in trying to make rabbits 
immune to each other’s serum he found that 
apparently these rabbits absorbed the grafts 
more readily than rabbits not so treated. 
This shows that the problem is one for 
serologists. Undoubtedly in making trans- 
plants we shall sometimes sensitize. In some 
cases in which we produce allergic phenomena 
without transplants we shall be enabled to 
work out further treatment on the basis of 
the degree and effect of the allergic response. 

Bell (5) worked with rabbits and dogs and 
found that if the ovaries be excised and im- 
planted in the muscle of the uterus or abdom- 
inal wall atrophy of the genital ducts will not 
occur. He found that the follicles first 
become cystic and then degenerate; that is to 
say, they ripen, but if completely buried 
cannot expel the contents and therefore be- 
come cystic and retrogress. He also noted 
that in the rabbit if only the central portion 
of the ovary which contains no follicles, be 
implanted, the interstitial cells of which the 
graft is composed, can maintain the integrity 
of the uterus alone. It is probable that 
ovarian transplantation in general, and of the 
interstitial cells in particular, are capable of 
keeping normal the uterus, the mamme, the 
other endocritic organs, and the general 
metabolism in the female animal. And, 
since the isolated interstitial cells are effective 
in this respect, it is probable that the follicular 
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secretion has no function beyond nourishing 
the ovum and influencing the dehiscence of 
the follicle — at any rate in the rabbit. In 
Bell’s experience ovarian transplantation in 
women has not been so certainly successful as 
in the lower animals. The best results have 
been obtained in rabbits, in which the inter- 
stitial cells are very well developed. He con- 
cludes that it is not the ovaries alone which 
influence the female characteristics and genital 
functions, except in regard to the production 
of ova. The ovaries are only a part of a 
system to which most, if not all, the other 
endocritic glands belong, and in which these 
other organs figure with as great importance 
as the ovaries themselves. 

Abderhalden (1) says that no definite basis 
can be established for study of the internal 
secretions until the active principle of each 
gland has been isolated and its effects deter- 
mined. With a view to furthering this end 
he took the various glands of internal secre- 
tion, digested them with ferments and tested 
the resultant solutions by placing tadpoles 
in them and noting the changes produced in 
their growth and development. The results 
with ovary were not uniform, due probably 
to the fact that ovaries at different stages of 
development were used. In general the ovary 
animals showed hastened development with a 
tendency to the development of abnormal 
forms. There was a certain resemblance to 
the thyroid animals. In animals acted on by 
combined ovary and thymus the effect of the 
thymus was dominant. 

Stettner (29) working along the same lines 
fed tadpoles with beef thymus tissue, genital 
gland tissue, and thyroid, separately or in 
various combinations. Most of the glands 
of internal secretion seemed to have a retard- 
ing action on the development of the tad- 
poles, delaying the metamorphosis into frogs. 
Thyroid tissue alone seemed to have the 
opposite effect. While thymus and genital 
gland tissue separately each retarded meta- 
morphosis, when they were given together the 
tadpole developed normally. This would 
seem to indicate that the thymus and genital 
glands supplement each other, their com- 
bined action being necessary for normal 
growth. 
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Taniguchi (31) describes in detail experi- 
ments with corpora lutea of cows and with 
ovaries freed from corpora lutea. The corpus 
luteum contained a ferment which split 
veast nucleic acid, forming phosphoric acid 
and purin bases, also an erepsin-like ferment, 
an abundant amount of amylase, urease, an 
aspargin-splitting ferment, a ferment resem- 
bling trypsin, a butyl-ether-splitting ferment, 
a small amount of salicin-splitting fer- 
ment, arginase, and a slight amount of an 
amygdalin-splitting ferment. It did not con- 
tain a_ glycocoll-splitting ferment, lipase, 
lecithinase, invertase, lactase, or glycolytic 
ferment. The ovaries free from corpus 
luteum contained the same ferments and were 
lacking in the same ones. 

Serono and Palozzi (28) examined cows’ 
ovaries and found that they contained prac- 
tically the same percentage of lipoids as egg 
yolk and of practically the same composition, 
so there is no specific function of the ovaries 
due to the lipoids. The action of the ovary 
is due to its internal secretion and the authors 
in a previous article! have shown that it is 
very rich in ferments. 

Goodale (13) found that if the ovaries of a 
domestic fowl be removed many of the 
secondary sexual characters of the male 
appear. He considers the question of whether 
the secretion is a modifier or an inhibitor. 
If it is a modifier there is only one genetic 
basis, that responsible for the male secondary 
characters, and the modifier changes male into 
female characters. Inhibition requires two 
genetic bases, one for male and one for female 
characters. In the absence of ovarian secre- 
tion male characters appear. If the secretion 
is present it inhibits male characters and 
allows female characters to appear. 

Blanchard (7) found that feminine charac- 
teristics are produced in males by loss or 
atrophy of the testicles, and conversely male 
characteristics in the female by removal or 
functional deficiency of the ovaries. He has 
noted the frequency of masculinity in insane 
alien females, most often involutional forms 
of mania. It is not improbable that a change 
in the ovarian secretion in the female produces 
masculinity and mental disturbance. 


1Rassegna di clin., terap. etc., Roma, 1914, Feb. 
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Bainbridge (8), while admitting that the 
definite information as to the rdle of the 
internal secretion of the ovary in the mam- 
malian economy is slight, concludes that 
autotransplantation of healthy ovarian tissue 
is feasible, and that it is advisable in certain 
cases. Whether it does or does not preserve 
the generative function it seems to tide the 
patient over from normal ovarian function 
to the menopause with less discomfort. He 
believes that in the reported successful cases 
of heteroplastic ovarian transplantation it is 
possible that a minute part of functioning 
ovary was left in the body, which caused the 
succeeding pregnancy, rather than the grafted 
heteroplastic ovary. In his opinion, neither 
organotherapy nor ovarian transplantation 
have as yet succeeded in nullifying the neces- 
sity for conservative surgery of the uterus 
and ovaries. 

Bucura (9) thinks the corpus luteum alone 
cannot be the source of the internal secretion 
of the ovary, as the hormone action is mani- 
fest in the child and in the newborn before 
the corpus luteum has developed. He be- 
lieves the follicle is the source of the internal 
secretion, but the corpus luteum is the only 
internal secreting part of the follicle remain- 
ing after the expulsion of the egg and it 
hypertrophies and perhaps performs the 
function potentially. Therefore the corpus 
luteum action is not a specific one but only a 
quantitatively increased follicle action. So 
long as the follicle in the child’s ovary pro- 
duces the hormone it is a constant quantity, 
but a minute one, favoring only the gradual 
development of the sexual characteristics of 
the child. The stronger development of the 
follicle at puberty is accompanied by stronger 
hormone development and with it more 
rapid development of the genitalia and sexual 
characteristics. The important thing at 
puberty and sexual maturity is the increased 
hormone production, not the corpus luteum. 

Herrmann (17) describes in detail his 
method of obtaining the active principle of 
the ovary and placenta in pure form. His 
ovary extract is purely a corpus luteum sub- 
stance. When pure it had no bad effect on 
animals when used experimentally. It had 
a powerful effect in stimulating the growth 
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and development of the sexual organs. 
After five days’ injections young animals 
eight weeks’ old showed the sexual develop- 
ment of animals twenty-five to thirty weeks’ 
old. When the injections were continued 
changes took place similar to those of the 
rutting period or of early pregnancy. The 
mammary glands of both male and female 
animals developed rapidly. The extract also 
contributed to the development of the 
secondary sexual characters. The same sub- 
stance was found in the corpus luteum and 
the placenta. 

Piccione (26) performed experiments with 
rabbits. He found that on removing the 
ovaries anemia ensued, from which he con- 
cludes that the internal secretion of the ovary 
has a physiological effect on the composition 
of the blood. This effect consists in a direct 
stimulation of the organs that, produce the 
red and white cells, favoring the formation of 
hemoglobin and increasing the resistance of 
the red cells. Feeding ovarian extract to these 
animals improved the condition of their blood. 

Russo and Monterosso (27) gave rabbits 
subcutaneous injections of lecithin, 44 in the 
course of 11 months. They describe the 
histological appearance of the parietal cells of 
the ovarian follicles, from which they conclude 
that the parietal cells of the ovarian follicles 
of the rabbit normally have a function of 
internal secretion, secreting a product that 
goes to nourish the ovum, through the 
medium of the liquor folliculi, or through the 
mechanism of the follicular epithelium, which 
represents a classical circulatory system, 
adapted for carrying to the ovum nutritive 
materials, either those arriving through the 
blood stream, or those elaborated locally. 

Mitchell (21) conceived the idea that the 
injection of peptone might inhibit the antago- 
nistic action of the host against engrafted 
tissue. Carrel found that limbs engrafted 
on an infected host were more apt to live than 
those on an uninfected one; so it would seem 
that the infecting bacteria had some inhibi- 
tory effect on the action of the host against 
the graft. Besredka, Stroebel and Jupille ! 
have shown that the action of complement on 
bacteria gives a substance identical in many 


1Ztschr. f. Immunitaetsforsch., 1913, xvi, 240. 
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of its physiological properties with the sub- 
stance obtained by the action of complement 
and peptone, so it seemed reasonable to sup- 
pose that the injection of Witte’s peptone 
would have a similar effect on the reaction of 
the body against engrafted tissues. To test 
this he transplanted ovaries in rabbits. The 
rabbits were operated on in pairs so as to get 
immediate transfer of the grafts. Peptone 
injections were made at the time of operation 
and every four days afterward till the animals 
were killed. The rabbits used as controls 
were operated upon in the same way but 
given no peptone. Following the peptone 
injections the animals showed labored breath- 
ing, restlessness, and general bodily weakness 
similar to that described as following injection 
of an attenuated dose of peptotoxin which had 
been formed by the reaction of complement 
and peptone outside the body. After three 
to four injections the animals showed reduced 
metabolism, evidenced by loss of body weight 
and marked thinning of coat. This was not 
noticed in the controls which were not given 
peptone, but were otherwise treated in pre- 
cisely the same manner. As a result of his 
experiments Mitchell reached the following 
conclusions: (1) Peptone injections, as they 
were made, tend to intensify rather than to 
inhibit the action of the host against homo- 
geneous grafts of ovarian tissue. (2) Such 
injections of peptone produce a condition of 
reduced metabolism in the animal but not to 
such an extent as to endanger life. (3) An 
abundant blood supply to the graft does not 
indicate that it is viable in its new environ- 
ment but may rather be evidence of an intense 
reaction against it on the part of the host. 
(4) The destruction of the graft is practically 
complete by the end of the sixth week in both 
the animals injected with peptone and in the 
controls. (5) The host primarily reacts to 
the presence of the graft by revascularization 
of its tissues, and the further reaction, which 
evidently involves the destruction of the 
graft, is evidenced by round cell infiltration 
and proliferation of the connective tissue of 
the host. 
CONCLUSIONS 

The review of the literature for the past 

two years serves to confirm the conclusions 
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arrived at two years ago, namely, that so far 
the only form of ovarian transplantation that 
is practicable is autotransplantation, and 
that this has a rather limited field of useful- 
ness in the retardation and modification of 
the symptoms of the artificial menopause 
brought about by complete removal of the 
ovaries. In spite of the perhaps over- 
enthusiastic conclusions of a few workers, 
neither homo- nor heterotransplantation has 
as yet justified its use in human surgery. 
The great problem yet remaining to be solved 
in ovarian transplantation is to find some 
means of overcoming the resistance of the 
body to homografts, for this is the only 
means of opening up a wide field of usefulness 
for the operation. The way to a solution of 
the problem lies through a closer study of the 
internal secretion, not only of the ovary 
itself, but of the other glands of internal 
secretion, all of which seem to be so closely 
interrelated that absolute separation of their 
functions seems impossible. Some hopeful 
work has been done in endeavoring to find 
substances which will inhibit the resistance 
of the host to the graft, but for the most part 
the work still remains to be done, and the 
surgeon in adopting ovarian grafting, instead 
of solving a problem, has rather opened up a 
greater one which awaits solution by the 
serologist and endocrinologist. 
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THE AUTONOMIC SYSTEM AS AN INTEGRATOR WITH SPECIAL REFERENCE 
TO THE UROGENITAL ORGANS 


By HOLMES C. JACKSON, Ph.D., New York 
From the University and Bellevue Hospital Medical College, New York 


a dynamic state resulting from the 

antagonistic chemical and _ physical 

forces which combine to make up its 
sum total. Quantitatively it may be con- 
ceived as the arithmetrical mean of the posi- 
tive (excitant or stimulative) and negative 
(inhibitive) processes; and the dynamic equi- 
librium shifts in one direction, as the positive 
factors increase or the negative decrease, or 
in the other as the negative factors increase 
or the positive factors decrease. Such a 
dynamic state forms an extremely flexible 
and labile system easily disturbed and 
efficiently sensitive to environmental changes. 

In the body functional balance is brought 
about by the interplay of two general mechan- 
isms which make their appearance phylo- 
genetically at different stages in development. 
The first and older of the two is chemical cor- 
relation by means of which the various parts 
of the organism become integrated by means 
of hormones. 

In the lower forms of animals, adaptation 
to environment is automatic. Just as in 
physical systems, disturbances tend to bring 
about reactions of a nature to minimize the 
change in equilibrium; so in more complex 
organisms stimuli excite reactions whose 
purpose is to restore the system to its original 
physiological state. This automatic self 
preservative mechanism in its simplest form 
is fulfilled by the laws of diffusion, osmosis, 
and surface tension as applied to living mat- 
ter, and serves as the prototype of the more 
complex mechanism as it is found at present in 
the chemical correlation of the endocrine 
glands. This latter arrangement represents 
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an equilibrating mechanism of considerable 
delicacy, but presenting a sluggishness of 
reaction and lack of rapidity of consumma- 
tion which acted as a considerable disad- 
vantage to the organism. The second co- 
ordinating mechanism consists of the ner- 
vous system brought in being as a more rapid 
and hence more effective means whereby the 
body may advantageously be adapted to its 
environment. 

Although these two great correlating sys- 
tems are in a sense independent from the 
viewpoint of their place in the living organism, 
nevertheless they are distinctly interreacting; 
and of late considerable attention has been 
paid to the effect which the hormones exert 
upon the nervous system, particularly the 
autonomic or vegetative (involuntary) di- 
vision. Such a relationship best shows itself 
in the effect produced by adrenalin or epine- 
phrin on the thoracico-lumbar autonomic or 
sympathetic nervous system. There is much 
evidence, however, for the notion that this 
interdependence of the nervous system and 
the endocrine organs is exerted in both direc- 
tions; not only do these glands form hormones 
which influence the reaction of the nervous 
impulses upon the effector organs, but con- 
versely the condition of the autonomic nerv- 
ous system affects the impulses delivered to 
the endocrine organs, and thus regulates their 
activity, and hence their share in the dynamic 
equilibrium in which they play a part. 

Therefore, if the autonomic or vegetative 
division of the nervous system supplies inner- 
vation and controls in part the glands of in- 
ternal secretion, it is fitting that this division 
of the general nervous system be considered 
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from the standpoint of its derivation and 
general structure before the method and de- 
gree of supervision takes up our attention. 
The most primitive type of interreacting 
nerve pathways existed as a nervous net or 
plexus like those found in the coelenterates. 
In this system, primitive sense cells were 
brought into diffuse relation with primitive 
muscle cells for the benefit of the whole 
organism. Rapid but diffuse transmission 
stands as the chief characteristic of such a 
mechanism of interrelation of the component 
parts of the organic unit. As development 
proceeded there occurred paru passus a 
differentiation of the nervous elements. 
Certain sense cells developed more special 
and localized connection with the central or- 
gan and the center thus created assumed ad- 
ditional control over the relation existing 
between the sense cells (receptor surfaces) 
and the muscle cells (affector organs). Thus 
became evolved the neural architecture for 
the most primitive reflex —a specific and 
direct rather than diffuse relation between 
receptor surface and effector organs. The 
final stage of neural evolution is seen where 
as the result of adaptation, the projicient 
sense center became developed in the anterior 
portion of the nervous system for reasons 
easily conceived. Distance receptor sur- 
faces adapted to receive impressions of wave 
motion, sound and light, or particles trans- 
mitted by the air were located at the anterior 
surfaces of the body. These were eventually 
resolved into the brain and became connected 
necessarily with the motive power of the 
body, namely the muscles. Conscious con- 
trol over movement through the cortex, cord, 
and peripheral nerves, and voluntary muscles 
gave the last touch to the present efficient 
nervous system of the higher mammals. 
According to one point of view, there exists 
as a part of the present nervous system of 
man, a complex descendant of the primitive 
net or plexus of the lower animals, the auto- 
nomic system, which retains its original 
function of automatic reactivity, and rela- 
tively at least independent of the central ner- 
vous system which maintains voluntary con- 
trol. As development proceeded this typi- 
cal primitive net upon which the animal 
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depended entirely for its adaptation, became 
connected with the cord, and from thence the 
brain of the mammal. 

The autonomic or ‘‘sympathetic’”’ nervous 
system received its first careful considera- 
tion by Langley (2) who correctly conceived 
its significance and its broad interrelation 
with the central nervous system. In general 
the system is composed of fairly well localized 
groups of cells or ganglia situated in various 
parts of the body designated as the ‘‘sympa- 
thetic”? chain or vertebral ganglia lying on 
each side of vertebral column, the preverte- 
bral or collateral ganglia, such as the ceeliac, 
inferior and superior mesenteric, and the 
peripheral or terminal ganglia, the otic, 
sphenopalatine, submaxillary, ciliary, etc., the 
latter linked together by plexus. All these 
ganglia are connected with the central ner- 
vous system by nerve pathways whose fibers 
have their cells of origin in the midbrain, 
medulla, or cord. 

The autonomic nervous system is fashioned 
upon the structure of a reflex mechanism 
whose efferent (motor) arc therefore functions 
as a carrier of impulses originating reflexly 
and involuntarily in the cord or perhaps 
higher centers and bringing about reactions 
in involuntary (non-striated) muscle (walls 
of the blood-vessels, viscera, heart, etc.,) 
and glands (salivary, peptic, pancreatic, 
etc.,) of the body. The diffuse centers of 
such reflex arcs-are played upon by impulses 
having their inception in all parts of the 
body and conveyed by afferent fibers both 
somatic and visceral (sensory neurones of the 
posterior root ganglion). Dogiel assumes 
also that afferent autonomic neurones exist 
with cell bodies in the autonomic ganglia 
whose purpose consists in conducting impulses 
from the viscera to the cells of the posterior 
root ganglia. Unfortunately, little is known 
of the intimate structure of this portion of the 
autonomic reflex arc. The usual conception 
of the autonomic system includes only the 
efferent or motor portion of the mechanism. 

This efferent system of nerves is composed 
of chains of neurons containing at least two 
cells. The first cell in the chain has its cell 
body in the central nervous system, its axon 
is medullated and is called the preganglionic 
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fiber. The terminals of this neuron arbor- 
ize around cells situated in the various auto- 
nomic ganglia; the name postganglionic has 
been given to these latter ganglionic cells 
with their axon fibers. The synapse! between 
the preganglionic and the postganglionic 
cells existing in the ganglion is the great 
feature distinguishing this peripheral system 
from the cerebrospinal outflow. The path- 
way of the latter consists of a single cell whose 
body resides in the anterior horn of the gray 
matter of the cord and whose axon passes 
out as the anterior root to end in the effector 
organ. In the autonomic system, however, 
one preganglionic fiber also originating in the 
central nervous system comes into contact 
in the ganglion by its terminal aborizations 
with the dendrites from several postganglionic 
neurones, thus allowing a spread of impulses 
to occur. In such a sense an autonomic 
center exists; but reflexes as are commonly 
mediated in the centers of the brain or cord 
never take place over these autonomic synap- 
ses. 

The whole system is divided according to 
the general position of origin and exit of 
the preganglionic neurone from the midbrain, 
medulla, and spinal cord. The purpose of the 
preganglionic neurone is to link the central 
nervous system to the true autonomic nerve 
cells in the ganglia. 

The preganglionic fibers leave the midbrain 
and medulla via certain of the cranial nerves, 
but from the region of the cord they pass out 
with the anterior root fibers, and become the 
white ramus for each spinal segment between 
the first or second dorsal and the third sacral 
nerves. They are divided as follows: (a) 
Those cells which reside in the nuclei of origin 
of the third, seventh, ninth, tenth, and eleventh 
cranial nerves and terminate in the cor- 
responding ganglia on the trunks of these 
nerves; they are called the craniobulbo auto- 
nomic system. (b) Those whose cell bodies 
are found in the intermediolateral tract of 
the cord and whose axon passes out of the 
cord via the anterior roots (second dorsal 
to third lumbar, inclusive), these are designat- 

1 Based upon the more general view that there does not exist physical 
continuity between neurones, the term synapse represents the nexus 


between the terminal arborizations of one neurone and the dendrites 
of its contiguous neighbor. 
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ed as the cervico-thoracico-lumbar autonomic. 
Some of these axons pass headward to end in the 
stellate, inferior and superior cervical ganglia. 
This pathway received the name of the cer- 
vical sympathetic. Others terminating in 
the sympathetic chain ganglia, the cceliac 
inferior and superior mesenteric ganglia, 
and perhaps in some of the associated plexus, 
e. g. hypogastric, renal, aortic, etc., are desig- 
nated as abdominal sympathetics or splanch- 
nics. (c) Those whose axons pass out over 
the anterior roots of the second and third 
sacral nerves. This outflow differs from the 
thoracico-lumbar in that whereas the latter 
passes into well-defined ganglia which give 
rise to postganglionic fibers that travel some 
distance before reaching their effector organ, 
the former pass directly into a nerve plexus 
e.g., vesical, hypogastric, prostatic, utero- 
vaginalis, etc., throughout which lie scattered 
the postganglionic cells. In most instances, 
these are in close proximity to the effector 
organ. The functional significance of this 
difference will be discussed later. These are 
called the sacral autonomics and form the 
pelvic nerve. 

The postganglionic fibers of the craniobul- 
bar autonomics originate in the ganglia on 
the trunks of the corresponding cranial nerves 
e.g. third, ciliary; seventh, sphenopalatine 
and submaxillary; ninth, otic; tenth, jugular 
and nodosum. Those of the cervico-thoracico- 
lumbar division which have their cells of 
origin in the vertebral chain ganglia take 
two general directions. Some leave the verte- 
bral ganglion and pass as gray rami back to 
the spinal nerves which they join. These 
fibers which are non-medullated follow the 
segmental nerves to their ultimate distribu- 
tion and supply vasomotor, pilomotor or 
sweat impulses to the corresponding effector 


organs. The other postganglionic fibers of 
this division traverse the space between 


their original ganglion whether it be one of 
the prevertebral or peripheral ganglia and 
terminate in the effector organ in direct 
relationship with the cells of the organ or 
tissue. 

One exception, and an important one, 
exists to this general description. The auto- 
nomic supply to the suprarenals is carried 
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via the thoracico-lumbar or sympathetic out- 
flow. In this case the preganglionic fibers 
pass through the vertebral chain and the 
coeliac plexus and end inimmediate connection 
with the chromaffin cells of the medulla. 
Since in ontogenetic and phylogenetic de- 
velopment, the chromaffin cells are closely 
related to those cells which are to form 
the postganglionic neurones (3), it is as- 
sumed that these chromaffin cells have 
wandered to the locus of the cortex of the 
adrenal, or interrenal body, have become 
fused with it, and represent, therefore, 
postganglionic cells, the specific function of 
which is the formation of a hormone, epine- 
phrin, of extreme significance for the integ- 
rity and activity of the thoracico-lumbar auto- 
nomic fibers. 

The postganglionic cells of the sacral auto- 
nomic lie in the plexus situated on or near the 
organs or tissues which they innervate. 

Following Langley, therefore, the autono- 
mic efferent system is divided into the 
craniobulbar, cervico-thoracico-lumbar and 
sacral divisions, according to the region of 
outflow of the preganglionic fiber from the 
central nervous system. 

It may not be amiss to pause a moment to 
mention the unfortunate conflict in terminol- 
ogy which exists in describing the various 
parts of this system. The cause for this 
lies in the various conceptions which are 
attached to the function of the system as a 
whole and of its integrating divisions. 

The following scheme will indicate the 
corresponding terms usually attached to the 
various subdivisions of the autonomic sys- 
tem. Throughout this paper, the Langley 
nomenclature will be employed; it is to be 
found in parentheses in the table. Where 
the term ‘sympathetic’ is used it will 
apply solely to the cervico-thoracico-lumbar 
division of the autonomic system. 


{ Cranio-bulbar, cervico- 
4 thoracico- lumbar, 
sacral 
Chain, lateral or verte- 
bral. collateral or pre- 


Autonomic system } 
(Efferent autonomic) } Posteansiions 


according to ganglio’ : 
ee to ganglion | vertebral, peripheral. 
Common (English) 
. Parasympathetic (Cranio-bulbo-sacral). 
Autonomic system ¢ ¢27@Sympal anio-bulbo-sacral) 


Sympathetic (Cervico-thoracico-lumbar) 


349 


Eppinger and Hess (German) 
‘ Autonomic (Cranio-bulbo-sacral). 
Sympathetic (Cervico-thoracico-lumbar) 


Gaskell 


Vegetative system 


Involuntary nervous system 
{ Cranio-bulbar 

Connector (Preganglionic) 4; Cervico-thoracico-lumbar 
| Sacral. 

Sympathetic system (Post ganglionic). 


Ranson 
Systema nervorum sympatheticum. 
Cranio-sacral 
Thoracico-lumbar. 
Plexus of Auerbach and Meissner. 


Autonomic components 


Enteric components 


Herrick 


Cerebro-spinal visceral (Preganglionic) 


Sympathetic nervous system 
Peripheral autonomous (Postganglionic). 


Efferent neurons 


FUNCTIONAL 
THE 


RELATION OF THIS SYSTEM TO 
CENTRAL NERVOUS SYSTEM 

The autonomic system is sometimes termed 
involuntary under the assumption that the 
effector organs (non-striated muscle, glands, 
etc.) supplied by it are not under control of 
the will in contradistinction to the volitional 
relation which exists between the cortex and 
the striated muscles. This distinction is not 
a hard and fast one as striated muscle is 
sometimes not under voluntary control. 
This is true of the cremaster muscle and the 
muscles of the pharynx; on the other hand 
voluntary stoppage of micturition is supposed 
to be brought about by control over the non- 
striated muscle of the sphincter of the urinary 
bladder. 

However, a certain independence of the 
central nervous system does exist and in 
general the system may be said to be removed 
from voluntary control; nevertheless it is 
distinctly influenced by affective states whose 
site of origin must be considered to be in the 
cortex or in subcortical nuclei. Thus joy 
produces a rapid heart; shame, blushing; 
fear, pallor; odors, vomiting; sexual excite- 
ment, erection; all these changes are depend- 
ent upon a disturbance of equilibrium effec- 
tive through the autonomic system. Certain 
cases are reported of so-called voluntary con- 
trol over autonomic reactions, e. g., power to 
change the rate of heart, to produce goose 
flesh, to dilate the pupils, etc. An examina- 
tion of these individuals discloses the fact, 
however, that these reactions are brought into 
being by thevoluntary production in conscious- 
ness of the proper emotion or affective state 
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which acts as the immediate cause for the 
bodily change. 

Cannon (4) has likewise shown that such 
emotional states as pain, produce bodily 
changes of a distinctly adaptive nature, all 
tending to provide an effective means of 
offense against the agent or stimulus produc- 
ing the disadvantageous environment. Thus 
the decrease in activity of the processes in 
the alimentary canal, the shunting of blood 
from the viscera and skin to the muscles, 
heart, lungs and central nervous system by 
vaso-dilatation in the latter organs, the rapid 
abolition of the effect of muscular fatigue, 
the shortening of the coagulation time of the 
blood, the increase in the sugar content of 
the blood, all of these phenomena are im- 
mediately serviceable in producing a more 
effectively reacting mechanism along the 
lines of a sufficient mobilization of energy 
in order that the proper reaction of the organ- 
ism to the immediate source of the emotion 
may become efficiently possible. By way of 
an example, injury to the surface of the body 
results in the emotional state of pain. The 
functional changes in the body which follow 
may be considered as purposeful in this way: 
the shortening of the coagulation time of the 
blood suffices to insure a rapid stoppage of 
loss of circulatory fluid by hemorrhage; 
the redistribution of the blood supply from 
the surface of the body and viscera to the 
muscles allows of an increase flow to the 
latter organs without decreasing the blood 
pressure. The hyperglycemia offers to the 
muscle a greater supply of energy for exces- 
sive contraction; the decrease in the fatigue 
producing power of the muscle establishes the 
ability of the body to perform exaggerated 
and continuous muscular contraction which 
teleologically would be explained through 
the reflex desire of the organism to remove it- 
self rapidly from the source of the disturbance, 
i.e., the pain-producing agent. Thus the 
emotions set at liberty energy which allows 
the excessive demands on the neuromuscular 
system to be fully coped with. 

Under normal conditions, the efferent neu- 
rones (preganglionic cells) in the central 
nervous system are discharged from afferent 
neurones in a way similar to the produc- 
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tion of any reflex of the neuromuscular 
mechanism through the cerebrospinal nerves. 
Thus the presence of food in the stomach 
reflexly through afferent visceral fibers brings 
about a gastric vasodilation and a consequent 
cerebral anemia mediated through the vaso- 
motor center in the medulla, and the vaso- 
motor autonomics of the splanchnic area. 


INTERREACTION OF THE INTEGRAL DIVISIONS 
OF THE SYSTEM 

The integral parts of the autonomic sys- 
tem possess peculiar characteristic relations 
one to another. In obtaining the balanced 
mechanisms upon which is dependent the 
state of equilibrium that we find in many of 
the visceral muscles the autonomic furnishes 
the antagonistic forces. In general it may 
be stated that whenever the middle portion 
of the autonomic outflow (sympathetic or 
cervico-thoracico-lumbar) meets either of 
the extreme divisions of the system (bulbo- 
cranial and sacral) in a dual nerve supply 
to any organ or tissue, the effect of the two are 
antagonistic. The accompanying chart 
(Dual Innervation) will show this readily. 


DUAL INNERVATION 

Cervical sympathetic 
Mydriasis 
Tachycardia 


Cranial autonomic 
Pupil—Third nerve 
Heart—Vagus 
Gastro-intestinal 

musculature—Vagus Increased peristalsis 
Spastic constipation 

(Diarrhoea?) 
Salivation 


Myosis 
Bradycardia 


Decreased peristalsis 
Atonic constipation 
Dry mouth (Xeros- 
tomia) 1 
Chorda tympani 


Seventh nerve 


RECIPROCAL INNERVATION IN THE AUTONOMIC 


If we recall the mechanism of reciprocal 
innervation as applied by Sherrington (5) 
to the movements of the appendages by which 
to produce flexion, the flexors contract and 
the extensors undergo corresponding inhib- 
ition, it becomes evident that the above dual 
innervation with its consequent antagonistic 
effects, offers a similar reciprocally acting 
mechanism in the autonomic system. If 
the cervical sympathetic (cervico-thoracico- 
lumbar) is severed and therefore incapable of 
bringing about a dilation of the pupil, the 
pupil nevertheless will dilate in a paroxysm 
of anger. This can only indicate that cen- 
tral inhibition of the sphincter which usually 
accompanies the stimulation of the dilators, 
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is now effective alone. Reciprocal innerva- 
tion is also shown by the nerve cells present 
in the ganglia of the vagus and pelvic nerves 
and the inferior and superior mesenteric 
ganglia. The following table will show this. 


RECIPROCAL INNERVATION 


BULBO-SACRAL THORACICO-LUMBAR SYMPATHETIC 
Jagus 

Mechanism to allow of emptying 
the intestine. 

Cells in plexus of smal] intestine 
supply 
Motors to small intestine. 
Inhibitors to ileocolic and py- 
loric (?) sphincter. 


Mechanism to allow of filling of 
the intestine. 

Cells in superior 
ganglion supply 
Inhibitors to small intestine. 
Motors for ileocolic and pyloric 
sphincters(?) 


mesenteric 


Pelvic Nerve 


Mechanism to allow of emptying Mechanism to allow of filling the 


large intestine and urinary large intestine and urinary 
bladder. bladder 

Cells in vesical and rectal plexus Cells in inferior mesenteric gang- 
supply lion supply 


Inhibitors of sphincters 
(vesical and interior anus.) 
Motors to bladder and large 
intestine. 


Motors for sphincters 

(vesical and interior anus.) 
Inhibitors to bladder and large 
intestine. 


This table emphasizes that not only is there 
an antagonism in reciprocal innervation be- 
tween the bulbosacral and the thoracico- 
lumbar division of the autonomic, but also in 
each division a mechanism for motor and 
inhibitory supply is provided to facilitate 
certain visceral functions. 

Certain differences exist between the 
sympathetic (cervico-thoracico-lumbar) out- 
flow and the cranial and the sacral autono- 
mics. The extensiveness of the peripheral 
innervation of a nerve trunk is determined 
by the opportunity that exists for the spread- 
ing of the impulses along the pathway through 
synaptic connections in the ganglia and the 
nearness of the distributing centers to the 
effector organs. In the case of the cervico- 
thoracico-lumbar, the ganglia, e.g., coeliac, 
are at some distance from their periphery and 
contain cells (postganglionic) which supply 
organs over an extensive domain; impulses 
coming into these ganglia over preganglionic 
fiber undergo therefore considerable spread- 
ing, and as a result diffuse reaction occurs in 
portions of the sympathetic even though only 
a relatively restricted segmental outflow from 
the cord has occurred. It is different with 
the cranial and with the sacral portions of the 
autonomic outflow. Here the postganglionic 
cells originate in ganglia which lie in close 
proximity to the effector organ, e.g., ciliary, 
otic, pelvic, vesical plexus, etc. These di- 
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visions possess, therefore, only restricted in- 
nervation. 


AUTONOMIC INNERVATION OF THE UROGENI- 
TAL APPARATUS 

The urinary bladder receives innervation 
from two divisions of the autonomic outflow: 
(a) the thoracico-lumbar (abdominal sym- 
pathetic) and (b) the sacral. As previously 
stated these two pathways carry impulses 
which produce antagonistic effects. The 
main mass of preganglionic fibers of the sym- 
pathetic outflow pass out via the second and 
fifth lumbar spinal segments as white rami, 
and end in the inferior mesenteric ganglion, 
but some axon branches may extend forward 
in the hypogastric nerve and terminate in 
the vesical plexus on the walls of the bladder 
itself. Postganglionic fibers originate in the 
inferior mesenteric ganglion and continue 
as the hypogastric nerve to the vesical 
plexus and thence to the bladder musculature; 
in the case of preganglionic neurones term- 
inating in the peripheral plexus, their post- 
ganglionic cells are found here. The axons 
of the latter are short and end also in the 
bladder musculature. This possible arrange- 
ment forms the anatomic basis for the 
following axon reflex (6). Stimulation of the 
peripheral end of one severed hypogastric has 
long been known to effect a contraction of the 
unstriated muscle of the vesical wall on the 
other side and this phenomenon persists even 
though all connections with the cord are dis- 
continued. This reflex results from im- 
pulses originating in a preganglionic fiber 
carried in the hypogastric of one side and 
passing cerebralward to a collateral axon 
which supplies the other side of the bladder. 
The impulse now spreads caudalward over 
the collateral branch to its termination, at 
which point it sets into activity the post- 
ganglionic fiber in the inferior mesenteric 
ganglia. This discharges along its pathway 
which ends in the bladder musculature of 
the other side. A reflex consequently occurs 
through the branching axon of the pre- 
ganglionic fiber and not over a synapsis as is 
the case in reflexes in the cerebrospinal sys- 
tem. Hyperemia, in a portion of the sur- 
face of the body consequent upon irritation 
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of the skin by substances such as mustard, 
is also to be explained by axon reflexes. 

It has been shown, however, by Elliott (7) 
that the extent of the vesical reflex differs 
in various animals; in the monkey it is con- 
fined to the neck and base, roughly the 
triangular area called the trigonum. This 
is of significance since it indicates that the 
sympathetic motor control of the bladder con- 
cerns the musculature of the sphincter region. 

The discovery of Dale (8) that ergotoxin 
paralyzes only the motor fibers of the sympa- 
thetic system, made possible the detection of 
inhibitory pathways previously unsuspected. 
Adrenalin brings about reactions in the body, 
either motor or inhibitor, which simulate those 
initiated by the cervico-thoracico-lumbar 
outflow. If this system supplied motor and 
inhibitor fibers to the same organ, it became 
difficult to disentangle the effects. If ergo- 
toxin, however, is injected into the animal 
the motor endings are paralyzed and_ the 
effects removed. Inhibition now comes into 
prominence. In this way it has been shown 
that the sympathetic carries inhibitor fibers 
to the walls of the bladder. It is evident, 
therefore, that both the motor cells to the 
sphincter (trigonal area) and inhibitory cells 
of the main musculature of the bladder wall 
are to be found in the same ganglion, i.e., 
inferior mesenteric ganglion (see table Re- 
ciprocal Innervation). 

The sacral autonomic supply leaves the 
cord with the second and third sacral nerves 
as white rami and forms the pelvic nerve 
(preganglionic fibers) on each side. Each 
nerve divides into an anterior and a posterior 
division, the latter connecting with the rectal 
plexus from which arise motor fibers to the 
large intestine while the former carries fibers 
to the vesical plexus in which lie the motor 
(postganglionic) cells for the muscles of the 
bladder. These are angagonistic to the hypo- 
gastric supply mentioned above. It is evi- 
ident, therefore, from the above that for the 
main mass of the vesical musculature, the 
motor cells are placed not in large isolated 
ganglia, but in a plexiform arrangement 
upon the surface of the organ. This mechan- 
ism forms an analogy to that found in the 
small intestine where the plexus of Auerbach 
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holds a similar arrangement to the fibers 
carried in the vagus (g). Further, upon stim- 
ulation of the pelvic nerve, there ensues an 
inhibition of the internal sphincter of the 
bladder (trigonal area) together with the sim- 
ilar sphincter of the anus. 

Thus it appears that the vesical plexus 
contain the motor fibers for the vesical endo- 
dermal muscles, and the inhibitory fibers for 
the internal sphincters. If we consider this 
dual innervation of the bladder through the 
thoracico-lumbar and through the sacral 
outflow, it becomes evident that the sympa- 
thetic impulses control the mechanism of 
vesicular filling in that they bring about 
contraction or increased tone of the sphincter 
area, and an inhibition or condition of de- 
creased tonicity of the muscular walls of the 
bladder. On the other hand the pelvic or 
sacral supply directs the mechanism of empty- 
ing of the bladder, since these impulses cause 
an increased degree of tone of the bladder 
walls and inhibition of the vesical sphincter. 

Ureters. The main innervation of these 
ducts is supplied by the thoracico-lumbar out- 
flow via the hypogastric nerve. The work of 
Fagge (10) indicates that muscular move- 
ments which show themselves either as aug- 
mented rhythmic or group effects rather than 
single contractions, result from the stimula- 
tion of the hypogastric nerve. After ergo- 
toxin, adrenalin which previously placed 
upon the ureter evoked motor reactions now 
inhibits the movements of the ureteral muscles. 
Here again evidence is present that motor and 
inhibitory (postganglionic) cells from the 
ureters reside in the same nervous focus, in 
this case the plexus on the walls of the 
ureters. 

Uterus. This organ receives its nerve 
supply from the thoracico-lumbar autonomic, 
via the second, third, fourth, and fifth lum- 
bar nerves. Apparently previous to preg- 
nancy (virgin uterus) inhibitory effects are 
the only ones to be obtained from stimulation 
of the hypogastric nerve, or upon direct 
administration of adrenalin. The pregnant 
uterus, however, under these conditions, 
shows normally a contraction. Evidently 
during pregnancy either motor cells have been 
developed or what seems more probable 
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motor cells previously inactive have been 
brought up to the threshold of irritability 
by the hormonic action of substances formed 
from the foetus or corpus luteum. However, 
that inhibitory impulses are likewise active 
at this time can be shown by the application 
of adrenalin following ergotoxin (11); under 
these conditions, inhibition is the result. 

Gonads and their accessory organs. The 
ovaries and testes function as organs of inter- 
nal secretion. That functional activity may 
be carried on without the immediate inter- 
vention of nervous control is quite evident 
from cases where a _ successful transplant 
vicariously assumes the duty of the normal 
organ. Hence, although the gonads are dis- 
tinctly governed by nervous impulses origi- 
nating reflexly from various parts of the body 
and these are subject to transient variations 
in function, nevertheless these organs poss- 
ess a degree of automaticity of reaction suf- 
ficient to allow them to secrete internally a 
proper amount of substance for the normal 
needs of the body. The autonomic supply 
to the gonads emerges through the thoracico- 
lumbar (sympathetic) division—second, 
third, fourth, fifth lumbar spinal roots (12). 
These fibers are carried over the hypogastric 
nerve, those for the ovaries passing through 
or ending in the plexus of the ovarian artery. 
These plexus are derived in part through com- 
municating branches from the uterine, and 
renal plexus. The testes and spermatic 
cord are innervated over the hypogastric, the 
neurones arborizing around cells in the sper- 
matic plexus, which also possesses correlating 
branches with the renal plexus. Short post- 
ganglionic fibers then pass from the cells in 
these plexus to the respective effector organs. 

The prostatic muscles and vasa defferentia 
(13) undergo marked contractions when the 
hypogastric nerve is stimulated. This re- 
action is strong enough to cause emission of 
semen from the aperture of the penis (14). 
Therefore, apparently, ejaculation may occur 
without erection. Mislawsky and Bormann 
(15) state that secretory fibers to the pros- 
tate also pass over the hypogastric. 

In contradiction to some previous authors, 
Langley and Anderson (16) believe that the 
sacral outflow over the pelvic nerve does not 


carry any impulses to the internal generative 
organs. 

The erection of the penis is largely a vaso- 
motor phenomenon although contraction of 
the ischiocavernous and bulbocavernous mus- 
cles assist in the process through their power 
to interfere with and hence arrest the out- 
flow of the increased amount of blood supplied 
through vasodilation to the cavernous si- 
nuses (17). 

According to Langley and Anderson (18), 
the vaso-dilator fibers of the testes and vulva 
in the monkey emerge from the cord through 
the second and third sacral nerves. These 
fibers also cause inhibition of the unstriated 
muscle of the penis (the retractor penis when 
present) and of the vulva (in the female). 
Some vasomotor fibers for these structures 
have been noted in the hypogastric, but they 
produced mainly constrictor effects. Vaso- 
dilation seems to be effected over the sacral 
autonomics. Here we find vasomotor equilib- 
rium effective through antagonistic effects 
mediated over two divisions of the autonomic 
system. 

It would seem that the accessory generative 
organs rest under autonomic control in part 
over the sympathetic and in part via the sa- 
cral divisions; the functions mediated are 
largely vasomotor, motor, and __ possibly 
secretory. 

Mammary glands. The results of experi- 
ments bearing upon the question of the in- 
nervation of these glands are conflicting. 
Undoubtedly their activity is controlled in 
part by hormones and by chalones as well. 
Vasomotor fibers are derived from the inter- 
costal nerves of the fourth, fifth, and sixth 
intercostal spaces; these are part of the thora- 
cico-lumbar (sympathetic) outflow. The 
question concerning true secretory fibers re- 
mains undecided; even the experiments upon 
animals are inconclusive and_ conflicting. 
Undoubtedly the production of milk may be 
affected reflexly by impulses originating in 
other parts of the body or from the cortical 
areas of the brain. But it is doubtful as to 
whether these effects are the result of locally 
disturbed vasomotor conditions in the glands 
or are mediated by specific secretory nerves 
derived from the sympathetic system. 
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THE ENDOCRINE ORGANS OTHER THAN THE 
GONADS 


Thyroid. Recently considerable light has 
been thrown upon the autonomic innervation 
of some of these glands. The later work of 
Cannon and Cattell (19) upon the pathway 
of secretory impulses to the thyroid points 
conclusively to that portion of the cervical 
sympathetic outflow which accompanies the 
thyroid arteries into the gland as the effective 
secretory nerve supply. Previously Rahe, 
Rogers, Fawcett, and Beebe (20) had dis- 
covered that stimulation of the superior 
thyroid vessels with their accompanying 
nerves, or of the vagosympathetic trunk 
(in the dog) may make the iodine content of 
the disturbed lobe less than that on the other 
side. These results while significant were 
not conclusive since the decrease in iodine 
content of the stimulated side might have been 
merely the result of a discharge of preformed 
secretion. On the other hand Asher and 
Flack (21), after stimulating the superior and 
the recurrent laryngeals, found that the de- 
pressor nerve initiates a greater decrease in 
arterial pressure, and adrenalin raises it to a 
greater height than before. Since the intra- 
venous administration of thyroid extract 
caused in their hands, similar phenomena, 
they concluded that these nerves conveyed 
secretory fibers to the thyroid. Schaefer (22) 
however, could not confirm this effect of the 
thyroid injection. The results are inconclu- 
sive regardless of the question of the validity 
of the criterion established by Asher since the 
laryngeal nerves might carry  thoracico- 
lumbar (sympathetic) autonomics even 
though they are derived from the cranial 
division (the vagus). In the animal used (the 
dog) the two divisions are in a combined trunk. 

Cannon (23) employing differences in elec- 
trical potential appearing in the gland as 
evidence of secretory activity showed that 
stimulation of the sympathetic trunk high 
in the thorax evokes an action current after a 
latent period of three to five seconds. Any 
condition of the body which tends to influence 
the activity of the cervico-thoracico-lumbar 
autonomic impulses (sympathetic) will affect 
the degree of production of the hormone of 
the thyroid. In this connection it must be 
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mentioned that Bagley showed that extirpa- 
tion of the superior cervical ganglion evokes 
an increased tolerance of carbohydrates. 
Hence hyperthyroidism becomes one of the 
correlating syndromes of sympathicotonia. 

These findings possess some interesting 
significance in that they explain in a way other 
than the usual the beneficial results obtained 
in Graves’ disease following the ligation of the 
nutrient arteries. The benefits derived may 
possibly be ascribed to the division of the 
sympathetic supply carried into the thyroid 
on the walls of the arteries rather than to the 
decrease in blood supply (24). 

Pituitary. Weed, Cushing, and Jacobsen 
(25), after a study of the effect of stimulating 
the superior cervical ganglion (sympathetic) 
upon the production of glycosuria conclude 
that the phenomena observed are to be ascrib- 
ed to impulses traveling over the sympathet- 
ic pathway to the pituitary and evoking in 
this organ a glycogenolysis and glycosuria. 
Since the Bernard pigtre experiment accord- 
ing to these findings, will cause glycosuria 
even after transection of the spinal cord above 
the splanchnic outflow, the conclusion seems 
inevitable that the well-known discharge of 
glycogen from the liver which is the immediate 
cause of this form of glycosuria must be initi- 
ated in this case not by excessive splanchnic 
stimulation, but by increased sensitization 
of the endings of these fibers in the liver by 
means of the hormone from the pituitary. 
By this explanation pituitary glycosuria is 
explained along lines similar to that ob- 
tained by thyroid and adrenalin injection; 
all three are brought about by mobilization 
of sugar derived from the liver. 

Pancreas. There appears to be little doubt 
but that cranio-autonomic fibers to the ex- 
ternal secretory cells of this organ are carried 
in the vagus. The evidence concerning secre- 
tory fibers to the islands of Langerhans is not 
so definite. The fact however, that trans- 
plants suffice to carry on the normal function 
of the organ and bring about the usual metab- 
olism of carbohydrates renders it quite im- 
probable that secretory fibers are of value 
in the normal economy of the gland. 

Adrenals. Earlier in this paper, attention 
was called to the developmental relationship 
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existing between the chromaffin system and 
the autonomic neurones. If the chrome cells 
of the medulla are representatives of the post- 
ganglionic neurones of the autonomic outflow, 
then the so-called secretory fibers to the ad- 
renal carried in the thoracico-lumbar system 
(sympathetic or splanchnic) constitute in 
reality preganglionic fibers It is only what 
one would expect, therefore, that stimulation 
of the splanchnic fibers would bring about 
an increased secretion of epinephrin. This 
phenomenon observed first by Dreyer (26) 
and since by so many other investigators 
requires no further consideration. At this 
point emphasis will merely be laid upon the 
control of epinephrin secretion centered in 
the thoracico-lumbar (sympathetic) division 
of the autonomic system, and that the phe- 
nomena observed as the result of administra- 
tion of adrenalin whether they result in exci- 
tation or inhibition are the same as those in- 
itiated by stimulation of the sympathetic 
nervous system. It is for this reason that 
adrenalin is denoted as a sympathicomimetic 
substance. 

Thymus. Although the thymus receives 
branches from the vagus (cranial autonomic) 
and from the sympathetic (thoracico-lumbar) 
trunks nothing is known concerning the 
character of the nervous control of these 
organs other than the vasomotor outflow. 
Even in this case the pathway of the fibers 
has not been traced. 

The pineal body is said to be supplied with 
sympathetic fibers which pass into the gland 
on the walls of the nutrient arteries. We are 
still in the dark concerning the nerve supply 
with reference to its probable secretory func- 
tion. 

In summing up what has been said concern- 
ing the autonomic nerve supply of the endo- 
crine organs, neglecting the vasomotor in- 
nervation and centering our attention upon 
their secretory function, it is quite evident 
that the adrenals, the thyroids, and the pitui- 
tary body are innervated by the thoracico- 
lumbar division; individual stimulation of 
these glands over this pathway or their auto- 
matic hyperactivity evokes a mobilization 
of the glycogen of the liver and a consequent 
hyperglycemia and glycosuria. 


The nervous control of the internal secre- 
tion of the pancreas is not established. Since 
the function of this organ is distinctly antag- 
onistic in carbohydrate metabolism to the 
adrenals, pituitary, and thyroid, it would be 
interesting to speculate as to whether perhaps 
this organ did not receive its internal secre- 
tory nerve supply from the vagus just as it 
is innervated by this nerve for its external 
secretory function. If this should eventually 
be found to be true then a further antagonism 
of effects between the cranial and the thora- 
cico-lumbar autonomics would have been 
established in relation to the production of 
“‘carbo-metabolic’’ controlling hormones. 
Attention must also be called to the fact 
that hyperactivity of the thyroids, pituitary 
and adrenals eventuate in symptoms of ex- 
cessive sympathetic excitation, i.e., sympath- 
icotonia. We cannot discuss at this time 
the individual mechanisms of these three 
endocrine glands whereby these symptoms 
of disordered function are aroused. 


VAGOTONIA AND SYMPATHICOTONIA 

The discussion of the autonomic nervous 
system in relation to its constituent divisions 
should have brought clearly in evidence the 
antagonism of function mediated on the one 
hand by the outflow of fibers from the middle 
of the central nervous system—the cervico- 
thoracico-lumbar or sympathetic system 
and on the other by the autonomic system. 
It has been pointed out that in almost every 
instance the vegetative organs are innervated 
by a dual autonomic nerve supply, and the 
balanced or dynamic equilibrium which exists 
in the organ is the resultant of the antagonis- 
tic forces supplied by the two divisions of the 
autonomic system. Since each organ exists 
in a state of tonic innervation, derangements 
in equilibrium may be initiated from a dis- 
turbance of this innervation and the direc- 
tion of the reaction from the center of equilib- 
rium will be determined by the character 
of the change occurring in the nervous regula- 
tion. For example, a condition of equilibrium 
as seen in the rate of the heart is controlled 
by two sets of antagonistically acting im- 
pulses, those attempting to increase the rate, 
viz., the cervico-thoracico-lumbar outflow 
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(sympathetic), the accelerator nerve, and those 
traveling over the cranio-bulbo pathways 
(vagus) the inhibitory nerve. A disturbance 
of this equilibrium in either direction may be 
occasioned in two ways. Acceleration may 
be evoked either by stimulation of the accelera- 
tor (sympathetic) fibers, or by the inhibition 
of the inhibitory (vagus) impulses. Like- 
wise diminution in rate may be brought 
about either by augmented vagus effect or by 
inhibition of sympathetic action. If the 
rate increases it is usually ascribed to aug- 
mented sympathetic effect, or a sympathic- 
otonia, but it must not be forgotten that a 
similar symptom may be aroused by a decrease 
in vagus control or decreased vagotonia. 

According to the present conception at- 
tached to vagotonia and sympathicotonia, 
these syndromes represent varying in- 
creases in reactivity of the corresponding 
divisions of the autonomic system. In 
sympathicotonia, there exists a condition 
of heightened irritability of cervico-thoracico- 
lumbar autonomics and.the symptoms which 
comprise the syndrome of this clinical mani- 
festation are the result of exaggerated effects 
or overstimulation of this division of the 
autonomic. Vagotonia represents a similar 
derangement of equilibrium in the organs 
innervated by the cranio-bulbo-sacral outflow. 
The term “vagotonia” is unfortunate, for 
although the vagus does supply by far the 
greatest part of the domain of the cranio-bulbar 
outflow nevertheless ocular symptoms are 
important in vagotonia with which the vagus 
has nothing to do. To obviate this discrep- 
ancy between concept and terms, cranio- 
bulbar distribution is spoken of as the area 
of the “‘extended” vagus. Again it must be 
emphasized that a vagotonia may also result 
from a corresponding decrease in irritability 
of the effector organs innervated by the an- 
tagonistically functioning cervico-thoracico- 
lumbar (sympathetic) outflow. The follow- 
ing is a list of symptoms grouped under the 
head of sympathicotonia and vagotonia, 
each set divided according to that portion of 
the autonomic outflow to which differences 
in reaction of the corresponding effector 
organs explain the appearance of the symp- 
toms. 
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CRANIO-BULBO-SACRAL CERVICO-THORACICO-LUMBAR 


AUTONOMIC AUTONOMIC 
Hyperactivity results in vago- Hyperactivity results in sympa- 
tonia. thicotonia. 


Third Nerve 

*M yosis 

* Accommodation spasm 
Narrowed eye slit. 
Epiphora 


Cervical sympathetic. 

*Loewi sign 

*Mydriasis. 
Accommodation paralysis. 
Widened eye slit (Dalrymple). 
Dryness of eyes. 

*Exophthalmus. 

*Dryness of mouth. 
Moebius sign. 
Infrequency of winking (Stell- 

weg). 


Enophthalmus? 


Fifth and Seventh Nerve 
*Salivation. 
Frequent winking. 
Vagus 
*Bronchial asthma 
(Esophagism. 
*Bradycardia (removal by atro- 
pine). 
Dromotropic disturbances. 
Extra systoles. 
*Oculocardiac reflex 
Aschners) 
Respiratory pulse 
*Gastric hypermotility. 
*Hyperacidity. 
Hour-glass stomach 
*Intestinal colic. 
*Spastic constipation 
(Diarrhoea). 
Biliary colic 
atropine). 


Thoracico lumbar autonomic. 
*Tachycardia. 
*Paradoxical Aschner’s 
Atony—Stomach, intestines. 


*Hypo-acidity. 
Atonic constipation 
*Tleo-colic spasm. 


inhibited by 


Sacral autonomic— 
Priapism 
Spastic colon. 
*Increased tone bladder walls 
(pollakiuria). 
Hyperhidrosis. 
*Eosinophilia. 
Dermagraphia. 
Increased fat and carbohydrate- 
tolerance. 


Lumbar sympathetic 
Atony of colon. 
Relaxed bladder. 
Spastic vesical and anal interior 
sphinctors. 
Hypohidrosis. 
* Eosinopenia. 
No dermagraphia 
Decreased fat and carbohydrate 
tolerance. 
*Most frequent and significant symptoms. 


ACTION OF 
STANCES IN 
THICOTONIA 

In epinephrin, elaborated by the medulla 
of the adrenals, we possess a hormone whose 
function consists in sustaining the sympathetic 
factor in the dynamic balance. It is sym- 
pathicomimetic and the reactions which it 
evokes are those called forth by the stimulation 
of cervico-thoracico-lumbar fibers of the auto- 
nomic system. It might be supposed that the 

symptoms of sympathicotonia represent a 

disturbance in balance in the organs dually 

innervated, a disturbance initiated by an 
increase in the amount of epinephrin in the 
blood whereby there is effected an increased 
irritability of the sympathetic myoneural junc- 

tions in the effector organs. When such a 

syndrome has made its appearance the indivi- 

dual is extremely sensitive to adrenalin. The 

Loewi phenomenon is positive in these cases, 

i.e. adrenalin installed into the eye brings 

about mydriasis. The increased tonus of the 


CERTAIN PHARMACOLOGICAL SUB- 
VAGOTONIA AND SYMPA- 
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dilator pupillz innervated by the cervical 
sympathetic is able in the presence of adre- 
nalin to more than offset the tonus of the 
sphincter derived from the third nerve, and 
hence there results a dilation. Normally the 
tonus equilibrium cannot be so easily dis- 
turbed. 

Some or all of the vagotonic symptoms can 
be experimentally produced by injecting 
pilocarpine or acetyl choline into the blood 
stream. Pilocarpine is more active upon the 
glandular organs of this system. Acetyl chol- 
ine, however, which Dale and Ewins (8) 
obtained from ergot, appears to possess a 
general stimulating effect upon the whole 
cranio-bulbo-sacral domain of innervation. 
Vagotonics are extremely sensitive to pilo- 
carpine and the symptoms are alleviated by 
means of the antagonistically acting atropine 
thus restoring the physiological balance to 
its more normal position. Eppinger and Hess 
(27) believe that vagotonia, represents a 
neurosis with a specific and characteristic 
syndrome or disease picture. They regard 
it as a functional autonomic! system disease 
for the reasonsstated above. These symptoms 
appear, therefore, in patients of vagotonic 
disposition which shows itself as a tendency 
toward an abnormal irritability of some or 
all of the myoneural junctions in the effector 
organs supplied by this division. Under 
such an incipient state of disturbed equilib- 
rium an adequate stimulus which may be 
normal in character or amount suffices to up- 
set the balance in the direction of cranio- 
bulbo-autonomic reaction and the symptoms 
of vagotonia result. It is of course to be 
understood that the whole domain of vagoton- 
ic innervation does not undergo an equally 
distributed disturbance of balance and in 
some cases patients present cardiac or ocular 
or gastro-intestinal reactions while the other 
cranial or sacral autonomic reactions re- 
main unaltered. 

The diagnosis of vagotonia (28) 
mined as follows: 


is deter- 


The average normal pulse and respiration rates 
are taken, the blood pressure estimated and smears 


made for a differential count (eosinophiles). Pilo- 
1The term autonomic as employed by these authors signifies the 
ranio-bulbo-sacral division of the whole autonomic system. It is used 


in contradistinction to the sympathetic system 
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carpine o.o1 gm. (grs. 1/6 to 1/20) is given hypoder- 
matically and during the following hour the general 
condition of the patient is observed, as to sweating, 
salivation, lacrymation, increase in nasal secretion, 
fibrillation, blushing, chills, and cold extremities. 
Pulse and respiratory rates are determined every 
two to three minutes; the blood pressure at longer 
intervals. At the end of the hour the eosinophiles 
are counted from a blood smear. An increase in 
carbohydrate tolerance and a cardio-respiratory 
arrhythmia are pathognomonic. 


The method of diagnosis of sympathico- 
tonia is as follows: 

The day before the test roo grams of dextrose 
are ingested on an empty stomach; the first five 
hourly specimens of urine are collected and‘polarized. 
The following day 1oo grams of dextrose are 
again ingested, pulse, respiratory rates and blood 
pressure determined and one-half hour later epine- 
phrin 0.0005-0.001 grams given hypodermatically. 
Pulse and respiration are examined every two min- 
utes and the patient observed for tremor and pal- 
pitation. At the end of one hour smears are ex- 
amined for eosinophiles and the urine collected 
hourly for five periods. A positive reaction is 
shown when there is an increase in eosinphiles, a 
rise of at least 15 millimeters of mercury in blood 
pressure, a decrease in carbohydrate tolerance, and 
the development of tremors and sometimes cardio- 
palpitation. 


Considerable significance is to be attached 
to the attempt which has been made to corre- 
late pharmacological action of certain sub- 
stances, in some cases hormones, and these 
clinical manifestations. Substances that are 
functionally antagonistic have been compared 
in their physiological action with abnormal 
states of deranged equilibrium. Thus epine- 
phrin is sympathicomimetic in its action. 
The effect of this hormone is to simulate re- 
actions which can be evoked experimentally 
by stimulating any of the domains of inner- 
vation of the cervico-thoracico-lumbar out- 
flow. Other hormones possess similar effects 
as for example those from the thyroid and 
pituitary; but the reactions are not extended 
over such a wide field of autonomic innerva- 
tion. On the other hand ergotoxin functions 
as an inhibitor of some of these sympathico 
tropic hormones, although its peripheral effect 
is circumscribed. In one sense, therefore, it 
may be conceived as vagotropic. 

Acetyl choline appears as the most general 
antagonist of adrenalin in that it augments 
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the reactions of the effector organs supplied 
by the cranio-sacral autonomics (8).  Pilo- 
carpine as we have seen is also vagomimelic 
although its effect is mainly centered upon the 
glands and the heart. Other substances such 
as muscarin, physostigmin and_picrotoxin 
must be considered as vagotonic stimulants, 
but their reactions are more _ specifically 
located. Their domain of action is much 
circumscribed. Atropin functions as an in- 
hibitor of this class of substances. Where 
pilocarpin stimulates, atropin inhibits. It 
must be evident from what has been said 
before that the effect of atropine as an inhib- 
itor of the reactions produced by vagotropic 
substances must be similar to that of adrena- 
lin which stimulates the antagonistic sympa- 
thicotropic reactions. From this stand- 
point it is clear why atropine and adrenalin 
may in general produce similar reactions 
although the mechanism by means of which 
the change is evoked is different in the two 
cases. Atropine as an inhibitor of vagotonic 
excitability and adrenalin as a stimulant to 
antagonistic sympathetic irritability would 
be indicated in cases of vagotonia. Con- 
versely pilocarpine as an augmentor of irri- 
tability in the cranio-bulbo autonomic realm 
(extended vagus) and ergotoxin functioning as 
a paralyzer of the antagonistic thoracico- 
lumbar autonomic (sympathetic) would in 
general initiate similar reactions and might 
similarly be considered and indicated in 
sympathicotonia. 

In general it has been assumed that vago- 
tonics are hypersensitive to pilocarpine and 
sympathicotonics to adrenalin. An investi- 
gation of this pharmacological relationship 
based upon antagonistic effects and the clinical 
manifestations grouped under the head of 
vagotonia and sympathicotonia leads us, 
however, to view with suspicion any attempt 
to draw hard and fast lines around these 
antagonistic relationships whether pharma- 
cologic or clinical (29). 

Granted that these syndromes represent 
fairly well defined entities as to causation, it is 
self-evident that in no two cases will the whole 
domain of innervation of either division of the 
autonomic be equally affected. Certain 
symptoms of vagotonia will be present and 
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exaggerated in one patient and absent in 
another, and this is also true for sympathi- 
otonia. The results of Barker (30) appear to 
answer in the negative the question, as to 
whether an antagonism of clinical manifesta- 
tion corresponding to that of pharmacologic 
action really exists. Exaggerated tonus in 
one reciprocally antagonistic system does not 
predicate a decrease in tonus in the other. 
Pharmacodynamic reaction and clinical symp- 
toms agreed in only seven out of nineteen 
cases, In two cases of pilocarpine sensitive- 
ness, the patients had sympathetic signs al- 
most as prominent. In epinephric irritable 
patients, vagotonic signs predominated, and 
hence both systems appeared to be hypersen- 
sitive. This may be stated merely by way of 
a warning so that too much must not be 
expected from this new field of visceral diag- 
nosis. However, Eppinger and Hess deserved 
much credit in bringing together seemingly 
unrelated functional disturbances and linking 
them with more circumscribed nervous causes. 
Their conception of the matter must, however, 
be considered somewhat in the light of a work- 
ing hypothesis and be treated accordingly. 


SUMMARY 

The autonomic nervous system plays a very 
important réle in the combination of chemical 
and physical forces upon which rests the 
physiological state of dynamic equilibrium. 
so essential for the maintenance of life. It 
is intimately integrated with chemical cor- 
relation through hormones, each system tend- 
ing to regulate the other. Although the auto- 
nomic impulses are in the main independent 
of volition, nevertheless the effector organs 
innervated by these fibers can be brought 
into reaction through reflexes whose centers 
exist in the central nervous system and whose 
afferent arcs may originate in the cortical 
areas. Certain pseudo-reflexes (axon re- 
flexes) are possible in this system in contra- 
distinction to the cerebrospinal outflow. 

The autonomic system is divided according 
to the portion of the central nervous system 
from which the outflow of preganglionic fibers 
takes place: (a) The crasio-bulbo autonomic 
includes preganglionic fibers in the third, 
fifth, seventh, tenth, and eleventh cranial 
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(b) The thoracico-lumbar autonomic 
covers the outflow between the second dorsal 
and third lumbar anterior roots. This is 
ordinarily called the sympathetic system. 
(c) The sacral autonomic is supplied by the 
second and third anterior sacral roots. 

Considerable importance rests upon the 
close embryological development of the 
chromaffin and autonomic systems. Both 
are developed from the neural crest cells 
which eventually form the posterior root 
ganglia. In the lower forms (coelenterates), 
the former represents the latter as groups of 
chrome-staining cells placed similar to the 
sympathetic ganglia. As the autonomic out- 
flow of fibers becomes more pronounced in 
the higher mammals, the chromaffin system 
assumes less and less prominence until at 
present in mammals it is restricted in the 
main to the medulla of the adrenal bodies. 
These cells represent postganglionic fibers of 
the sympathetic system. Most of the effec- 
tor organs innervated by the autonomic out- 
flow receive a dual supply from the thoracico- 
lumbar division on the one hand, and the 
cranio-bulbo or the sacral portion on the other. 
The effect of the former is antagonistic to the 
latter. 

The state of equilibrium determined by 
this extrinsic nervous control is dependant 
upon the ebb and flow of these two antagon- 
istic set of impulses. There is also distinct 
evidence of reciprocal innervation in the auto- 
nomic system similar to that shown by Sher- 
rington to exist in the cerebrospinal outflow. 
This mechanism is of exceeding advantage 
in the automatic filling and emptying of the 
small and large intestine, the biliary and 
urinary bladders. The uterus and ureters 
are also under autonomic control. The hor- 
mones and the autonomic system also possess 
reciprocal control over each other. Stimula- 
tion of the cervical sympathetic increases 
activity of the thyroid and pituitary glands. 

Epinephrin exerts a sympathicomimetic 
effect through its action on the same peripher- 
al mechanism as the thoracico-lumbar auto- 
nomic impulse. Pilocarpine reacts similarly 
upon the cranio-bulbo-sacral autonomic 


nerves. 


system, but more particularly upon the 
fibers. 


secretory This type of substance 
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has been termed vagomimetic since the effects 
of the vagus as a part of this division of the 
autonomic are the most prominent and wide 
spread. Acetyl choline was shown by Dale 
to simulate more closely the general effects of 
bulbo-sacral stimulation. Atropine removes 
the effects of vagomimetic substances or pro- 
hibits the onset of the effects. A similar 
paralysant for the sympathetic system has 
not come to light, unless we consider ergotoxin 
as fulfiling the conditions. 

Attempts have been made to clarify the 
pathology of the ‘‘vegetative” organs by 
grouping together as a symptom-complex 
certain disturbances of the equilibrium in the 
autonomic system in its widest sense. Some 
of the symptoms of vagotonia, so called, may 
be ascribed to an increased activity of the 
organs or tissues supplied by the bulbo-sacral 
autonomic; or a similar set of conditions may 
arise following a decrease in the power of the 
antagonistic impulses flowing over the sympa- 
thetic. Patients exhibiting such a syndrome 
are excessively reactive to pilocarpine. Oth- 
er abnormal states occur as the result of aug- 
mented reactivity of the sympathetic or a 
decrease in the strength of bulbo-sacral 
autonomic outflow. Such a condition is 
given the name of sympathicotonia. These 
patients are sensitive to adrenalin and be- 
come better after the administration of 
atropine. Certain methods are in vogue for 
the determination of the conditions of vago- 
tonia or sympathicotonia. Do these clin- 
ical pictures represent entities of abnormal 
function? What is their value in diagnosis? 
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CHICAGO TO ENTERTAIN CLINICAL CONGRESS OF SURGEONS 


GREAT INTERNATIONAL MILITARY SURGICAL PROGRAM 


HE great European war, in which the 

United States is to take so active a part, 

has brought about many changes in the 
medical world, so that the Executive Com- 
mittee of the Congress, after consultation with 
members of the New York Committee on Ar- 
rangements, has found it advisable to postpone 
until next year the meeting originally planned 
to be held in New York City in October, and to 
hold the eighth annual session of the Congress 
in Chicago during the week of October 22. 

Four great war meetings, at which the notable 
advances in methods of caring for the sick and 
wounded as developed in the present war will 
be discussed by such eminent authorities as 
Dr. Alexis Carrel, Sir Berkeley Moynihan of 
Leeds, England, Dr. Joseph A. Blake, Dr. 
George W. Crile, Colonel Thomas H. Goodwin, 
R.A.M.C., with other official representatives of 
the medical services of the allied nations, will pro- 
vide the chief literary feature of the session. The 
papers read at these meetings together with the 
discussions will summarize the progress made in all 
branches of surgery in the war, the subjects under 
consideration to include reconstruction surgery 
as developed in the military hospitals in England 
and France, the newest methods in the treat- 


ment of infections, fractures, burns, brain and 
cord surgery, plastic surgery, chest surgery, 
together with the application of these methods 
to civil practice, thus providing some of the 
greatest symposia as to men and subjects ever 
presented at a medical meeting in this country. 

An important feature at headquarters will be 
the military service bureau, to be established in 
one of the large rooms at the Congress Hotel, 
where representatives of the Surgeons General 
of the Army and Navy and the State Com- 
mittees will be gathered to answer all inquiries 
and give complete information to all those 
interested in the medical services of the Army 
and Navy. 


CLINICS AND DEMONSTRATIONS 

As at previous sessions of the Congress, 
clinical demonstrations in the hospitals, medical 
schools and laboratories will occupy the morning 
and afternoon hours of each day, the evenings 
being devoted to literary sessions. The plans 
of the Committee on Arrangements provide for 
a complete showing of the city’s clinical facilities 
in every branch of surgery, including gynecology, 
obstetrics, genito-urinary surgery, orthopedics, 
surgery of the eye, ear, nose, throat and mouth; 
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together with special demonstrations in radiology, 
experimental surgery, surgical pathology, etc. 
Every clinician of ability and reputation in 
Chicago will participate, and under the leader- 
ship of Dr. Albert J. Ochsner, as chairman, 
an effort will be made to outdo the successes of 
the two previous meetings held in this city. A 
representative committee of surgeons is now 
preparing a schedule of such clinics and demon- 
strations, which it is expected will be published 
in the next issue of this journal. 

The president-elect, Dr. John G. Clark of 
Philadelphia, will deliver the annual address at 
the presidential meeting on Monday evening in 
Orchestra Hall. On Tuesday, Wednesday and 
Thursday evenings the sessions will be held in 
the Gold Room of the Congress Hotel. The 
program for these evening sessions, now being 
prepared by the Executive Committee of the 
Congress, will be published in the next issue of 
this journal. 

A feature which proved of great interest at 
the Philadelphia session, the cinematographic 
exhibitions of surgical operations, will be repeated 
at this meeting, depicting some of the newer as 
well as the classic operations as performed by 
eminent specialists. These will be given each 
afternoon between five and six o’clock in the 
Gold Room of the Congress Hotel. 

The Committee on Arrangements as selected 
by the Executive Committee of the Congress 
is as follows: 

A. J. OCHSNER, Chairman 

E. WyLtys ANDREWS Rupo_peH HoLMeEs 

W. L. Baum CHARLES E. KAHLKE 

CHANNING W. BARRETT ALLEN B. KANAVEL 

Cart BECK Dean D. Lewis 

Witiiam T. BELFIELD FRANKLIN H. MARTIN 

ARTHUR DEAN BEVAN L. L. McARTHUR 

TrumMAN W. Bropuy HuGu McKenna 

E. V. L. BRown FREDERICK MENGE 

James T. CASE J. R. PENNINGTON 

H. R. CHISLETT Joun L. PorTER 

Wriiitam R. CusBins Ho.uis E. Potter 

CHARLES DAVISON JoHn RIpLoN 

JosepH B. DELEE E. W. Ryerson 

D. N. EISENDRATH L. E. Scumipt 

JacoB FRANK W. E. SCHROEDER 

MortTimMER FRANK GEORGE E. SHAMBAUGH 

Ropert T. GILLMORE FRANK SMITHIES 

Tuomas L. GILMER D. A. K. STEELE 

D. W. GRAHAM Cot. Wm. STEPHENSON 

A. E. HALSTEAD T. J. WATKINS 

WitiiaAm M. HarsHa WILi1AM H. WILDER 

WILLIAM HESSERT Casey A. Woop 

At a meeting of this committee held in Chicago 
on August 15th the committee was formally 
organized and plans outlined for the forthcoming 
session. Dr. Robert T. Gillmore was elected 
secretary. 


LIMITED ATTENDANCE—ADVANCE REGISTRATION 

The popularity of these clinical meetings has 
proved so great that it was found necessary to 
adopt the plan of limiting the attendance and 
requiring advance registration. This plan has 
worked satisfactorily at previous sessions and 
will be enforced at the Chicago meeting, thereby 
ensuring accommodations at the clinics for each 
one who receives a membership card. A survey 
of the operating amphitheaters, Jecture rooms 
and laboratories in the hospitals and medical 
schools, as to their capacity for accommodating 
visiting surgeons, has been made and the limit 
of attendance will be based thereon. 

Letters received at the office of the Secretary- 
general evidence great interest in the plans for 
this fall’s meeting and it is confidently expected 
that registrations up to the limit of attendance 
will be received some weeks in advance of the 
meeting so that immediate advance registration is 
necessary to ensure receiving a membership card. 
At both the Boston and Philadelphia sessions 
several hundred were disappointed in not receiv- 
ing membership cards due to the fact that their 
applications were received after the limit of 
attendance had been reached. 

Members planning to attend the Chicago 
meeting are urged to make their hotel reserva- 
tions at an early date. In addition to the Con- 
gress the LaSalle and Sherman hotels are rec- 
ommended to members as offering most excel- 
lent accommodations at reasonable rates. 

Application has been made with the several 
railway associations for reduced fares for mem- 
bers attending the Chicago meeting. It is 
expected that such reduced rates wil! be granted 
in the territory lying east of the Mississippi 
River including eastern Canada. A definite 
announcement with regard to reduced fares will 
be published later. 


HEADQUARTERS 

Headquarters will be established at the Con- 
gress Hotel where the Gold Room, Florentine 
Room, Elizabethan Room and other large rooms, 
conveniently located on the first and second 
floors of the hotel, have been reserved for the 
use of the Congress during the entire week, 
providing ample space for the evening and 
business sessions, cinematographic exhibitions, 
registration and ticket bureaus, bulletin boards, 
etc. 

To each member registering in advance will be 
issued a formal receipt for the registration fee, 
which receipt is exchangeable for a membership 
card at headquarters at the Congress Hotel 
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when making his registration upon his arrival 
in the city. Headquarters will be open on Sunday 
afternoon, Oct. 21st, for the convenience of all 
members arriving in the city on that day. The 
clinical program for Monday will be bulletined 
at headquarters at the Congress Hotel on Sunday, 
and on the afternoon of each day there will be 
bulletined at headquarters a complete, accurate 
program of the clinics and demonstrations to be 
given on the succeeding day. Printed programs 
will be issued each morning containing the 
complete clinical program with announcements 
for the evening sessions, business meetings, etc. 
REGISTRATION FEE 

The constitution of the Congress provides 
that a registration fee shall be required of each 
member attending an annual meeting, there 
being noannual dues for members of the Congress. 
Receipts from registration fees provide the funds 
with which to meet the expense of preparing for 
and conducting the annual meetings, so that no 
financial burden is imposed upon the members 
of the profession in the city entertaining the 
Congress. 
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SPECIAL TICKETS 

Attendance at all clinics and demonstrations 
will be controlled by means of special tickets, 
the number of tickets issued for any clinic or 
demonstration being limited to the capacity of 
the room in which the clinic or demonstration 
is to be given. The general rule will be that a 
member may have two tickets for each day, one 
for a morning and one for an afternoon clinic. 
For certain clinics where the accommodations 
are limited and the demand for tickets is heavy, 
it will be necessary to establish a rule whereby 
a member may have only one ticket for such 
clinic during the week. 

The use of special tickets has proven an effi- 
cient means of providing for the distribution 
of members among the several clinics and ensures 
against overcrowding at any clinic. Special 
tickets will be issued each morning for the clinics 
and demonstrations to be held that day, a com- 
plete schedule of the day’s clinics having been 
posted on the bulletin board on the afternoon of 
the preceding day, and a printed program 
distributed in the morning. 





